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[Think it needleſs (and R 
I. ſs, and . of Mathematicks in General; and 
therefore only touch upon thoſe two admirable Sciencrr, 
Arithmetick and Geometry; which are indeed the two grand 
Pillars (or rather the Foundations) ap which all other Parts of 
Mathematical Learning depend, 
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the Merchant to the Shop-heeper, &c. can be * and carried 
on, without the Aſiflance of of Numbers. 
44 to the Uſefulneſs of Geometry \ + &s 6x cortalin; thi 
curious Art, or Mechanick-Wark, can Aber be invented, improved, 
or performed, without it's affiſting Principles; tho perhaps the 
3 * or — bas but little (nay ſcarce any) Knowledge” in 


Then, \ as to the Advantages that ariſe from both theſe Noble 
Sciences, tuben duly joined together, to affift each atber, and then 
opp d to Practice, ing as Occaſion requires) they wilt 
readily be granted by all who confider the vaſt A that 
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| H E Bufineſs of Mathematicks, in all it's San both 
Theory and Practice, is only to ſearch aut and determint 
the true Quantity; either of Matter, Space, or Motion, 
according as Occaſion requires. 

y Quantity of Matter is here meant the Magnitude, or Big- 
neſs of any 00G thing, whoſe Length, Breadth, and Thickneſs, 
may either be meaſured, or eftimated. 


By Quantity of Space is meant the Di ene of one thing from 
| another. 
Aud by Quantity of Motion is meant the Swiftneſs of any thing 


moving from one Place to another. 

Te deration. of theſe, according as they may be propoſed, art | 
the Subjects of the Mathematicks, but chiefly that of Matter. 
Mos the Conſideration of Matter, with ref het? 4 it's Quantity, 
Form, and Polition, 65 may ei tber be Natural, Accidental, or 
Deſigned, will admit of infinite Varieties : But all the Varieties 
that are yet known, or indeed poſſible to be conceived, are wholly 
| under the due Conſideration of theſe Two, Magnitude 
and Number, which are the proper Subjects of Geometry, Arith- 
metick, and Algebra. All other © Hoke of the Mathematicks being 


on the Branches of theſe three — or rather their Application = 
e Caſes, 
B ; Geometry 
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2 PRECOGNITA l 


is a 3 by which we ſearch out, and come to 


now, either the while Magnitude, or ſome Part of any propoſed 


Quantity ; and is to be obtained by comparing it with another known 


Quantity of the ſame Kind, which will always be one of theſe, 


viz. 4 Line, (or Length only) 4 Surface, (that is, Length and 

Breadth) or a Solid, (which hath Length, Breadth, and Depth, 

or Thickneſs) Nature admitting of na other Dimenſions but theſe 
ee. | | 0 


Arithmetick 1 4 Science by which we come to know what 


Number of Quantities there are (either real or imaginary) of any 


Kind, contained in another Quantity of the ſame Kind: Now this 
Conſideration is vary different from that of Geometry, which is 
only to find out true and proper Anſwers to all ſuch Dueſtions as 
demand, how Long, how Broad, how Big, &c. But when we 


conſider either more Quantities than one, or haw often one Quan- 


tity is contained in another, then we have recourſe to Arithmetick, 
which is to find out true and proper Anſwers to all ſuch Dueſftions as 


demand, how Many, what Number, or Multitude of Quantities 
there are. To be brief, the Subject of Geometry is that of Quan- 
tity, with reſpect to it's Magnitude only; and the Subject of Arith- 

metick i: Quantities with reſpec? to their Number onh. 


Algeb2a is @ Science by which the moſt abſtruſe or difficult 


| Problems, either in Arithmetick or Geometry, are Reſolved and 


Demonſtrated; that is, it equally interferes with them bath; 


and therefore it is promiſcuouſly named, being ſometimes called 


Specious Arithmetick, : as by Harriot, Vieta, and Dr Wallis, &s. 
And ſometimes it is called Modern Geometry, particularly the in- 


genious and great Mathematician Dr Edmund Halley, Savilian 


Profeſſer of Geometry. in the Univerſity of Oxford, and Royal 
Aſtronomer at Greenwich, giving this following Inflance of the Ex- 
cellence of our Modern Algebra, writes thus | 

* The Excellence of the Modern Geometry (faith he) is in 
© nothing more. evident, than in theſe full and Adequate Solutions 
© it gives to Problems; repreſenting all the paſſible Caſes at one 


© View, and in one general T heorem many Times comprehending 


© whele Sciences; which deduced at length into Propoſitions, and 
© demonſirated after the Manner of the Ancients, might well be- 


come the Subjects of large Treatiſes: For whatſcever Theorem 
© ſolves the moſt complicated Problem of the Kind, does with a 


© due Reduction reach all the ſubordinate Caſes. Of which be 
gives a notable 1n/tance in the rine of Dioptricks for finding 
the Foci 4 Glaſſes univerſally, (Vide Philoſophical Tranſ- 
actions, Numb. 205). | | 5 


25 


Chap: 1 "A Of Characters. 


T bes you have @ r and general Account of the proper Subjects 
of thoſe three noble and uſeful Sciences, Arithmetick, Geometry, 
and Algebra. I ſhall now proceed to give a particular Account f 
each ; and fir of Arithmetick, which is the Baſis or Foundation 
of all Arts, both Mathematick and Mechanick; and therefore it 
ought to be well under ſtood MN the reſt are meddled withal, 


C H A P 4 


Concerning the ſeveral Paris of Arithmetick, with the De- 
finition of ſuch Charatters as are uſed i in this Treatiſe, 


YRithmetick, or the Art of Nambering, is fitly divided into 
three diſtin Parts, two of which are properly called Natu- 

ral, and the third Artificial. 

The firſt, being the moſt plain and eaſy, is commonly called 
Vulgar Arithmetick in whole Numbers; ; becauſe every Unit or 
Integer concerned in it, repreſents one whole Quantity of ſome 
Species or thing propoſed. 
The ſecond is that which ſuppoſes an Unit (and conſequently 
the Duantity or thing repreſented by that Unit) to be Braten or 
Divided into equal Parts (either even or uneven) and cònſiders 
of them either as pure Parts, viz. Each leſs than an Unit, or 
_ elſe of Parts and Integers intermixt. And is uſually called the 
Dactrine of Fulgar Fractions. | 

The third, or Artificial Part, is called Decimal Arithmetick ; 3 
being an Artificial Invention of managing Fra#ions or Broken 
Numbers, by a much more commodious and eaſy Way than that 
of Vulgar Fraftions : For the ſeveral Operations performed in 
Deck, differ but little from thoſe in I ble Numbers: and 
therefore it is now become of 2 Uſe, eſpecially in Geome- 
trical Computations. 

Arithmetick (in all it's Parts) is performed by the various or- 
dering and diſpoſing of Ten Arabick Characters or Numeral Pi- 
ares (which of ſome are called Digits. ) 


** * One, Fes Three, 3 Five, Sir, Seven, Eigbt, Mus, Cypher. 
„ . 


The Uſe if theſe Characters is ſaid to be frft introduced into 
| England near fix hundred Years ago, viz. about the Year 11 30, 
vide Dr Ir Wallis' Algebra, Page 12. 

B 2 The 


* 
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The firſt of theſe Characters is called Unity, and repreſents one, 
of any Kind of Species or Quantity. As one World, one Star, 
one Man, &c. 


Viz. Unity is that by which every thing that is, is called one, 
(Euclid. 7. Def. 1.) and is the beginning of all Numbers. That 


is to ſay, Number is a Multitude of Units. Euclid. 7. Def. 2. 


For, one more one, makes T'wo; and. one, more one, more _ 


one, makes Three, &s. I bich is the firſt and chief Poſtulate, or 
rather Axiom to Arithmetick. = : 


oo That 1+1=2, 1-+1+1=3. 1+1+1+1=4- 
Vix. | I+1+1-+1+1=5. And ſo on to 9. > 


Nine of theſe Figures were thus compoſed of Units, and dif- 
ferently formed to repreſent ſo many Units put together into one 
Sum, as was intended each ſhould denote: Nine being the greateſt 
Number of Units that was then thought convenient to be exprefſed 


by one ſingle Character; the laſt of the Ten is only a Cypher, or 


(as ſome phraſe it) a Nothing, becauſe of itſelf it ſignifies no- 
thing; for if never ſo many Cyphers be Added to, or Subſtracted 


from, any Number, they can neither increaſe nor diminiſh that 


Number; but yet, as a Cypher (or Cyphers) may be placed, the 
other Figures will become of different Values from what they 
were before, as will appear further on. 


For the more convenient ordering of the aforeſaid Numera 
Figures, according to the ſeveral Varieties that happen in Compu- 


tations; I do adviſe the young Learner to acquaint himſelf with 
the Signification of the following Mgebraick Signs or Characters, 
which he will find of excellent Uſe, as being a much ſhorter, 

better, and more ſignificant Way of denoting what is to be done, 


(in moſt Operations) than can otherwiſe be expreſſed in Words 
at length, | „ 


SIGNIFICATIONS. | 


„ „ The Sign of Addition; as 847 is B more 77 
\ and ſignifies that the Numbers 8 and 7 are to 
be added into one dum. The like is to be un- 


las ore derſtood when ſeveral Numbers are connected 
I T more, \together with the Sign n. 
| 7 As 34þ22-+9-+45, &c. denotes theſe are 
all to be added into one Sum, 


* . ny 1 "i 4 ” w-4 — r * 
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Concerning the Principal Rules in 


and Cenifies that 6 is to be taken f 
chat ſo their Difference may be found. 


_ The Sign of SubtraZtion ; as 96 is 


11 Into or . The Sign of Meukiplication as 9x6, is 9 in- 


to 6, and ſignifies that 9 is to be Multiplied . 


into or with 6. 


Sign of Divifee; u 8-52, i U by 2, 

18 Hrn 
+} * thus 2) 8 (4 or thus 5 each ſignifying the ſame 
Tebing, to wit, 8 Divided by 2. | 


Tue Sign of Equality or Equation,” VIZ. * 
ever this Sign = is placed betwixt Numbers ou N 
1— it denotes them to be | 
=, or 9-+6=15, or g—b=3, &c. That 
is, 9 is Equal to , or 9 more 6 is Equal to 15, 
and 9 leſs 6 is Equal to 3, &c. 

-. TI he Sian of Prop ion, or that commonly 
called the Gallen rapes or Rule of Three, and 
:: is always placed betwixt the Two middle 

Terms or Numbers in Proportion. Thus 


ſo is 6, to 24. 


Theſe Signs and their Significations, bug perky learnt, 
wilh help to ſhorten the Work. 


——__ 
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_ they are Nu in Whole Nunbers. 


HE Rules by which Numerical FISTS are performed 
in all the Parts of Arithmetich, are many and various, 
ſeveral of them being formed and raiſed as Octaſion 


requires, 
when applied to Practice; yet they are all comprehended within 


—— i. 


2:8 :: 6: 24. To be read thus; 1 


. — | 


we „ — . * — ————_—_— 


6 Arithmetick. Part I. 


— . 


ciom) Addition, Subtracion, Mulciplication, Diviſion, and = 
— — 8 8 8 


— "0 


RY 


Sec 1, Numeration or Notation, _ 


or Notation, teacheth to Read or Expreſs the 
true Value of any Number when writ down; and conſequently 
to write down any propoſed Number according to it's true Value 
when it is named: And this conſiſteth of Two Parts. 
I. The due Order of placing down Figures. 
2. The true valuing of each Figure in it's Place. 
Both which are plainly exhibited in the following Table. 
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Counting, 
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Millions 
Hundreds of Thou 
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— bu 
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f Th 
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Tens of Million: 
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Hundreds 


Tens 


Hundreds 
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; [OLA 
Tens 


. 2812.8 216. 432 
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By this Numeration Table it is apparent, that the Order of 
Places is reckoned from the Right-hand towards the Left ; the 
firſt Place of any Number being always that which is the out- 
moſt Figure to the Right-hand : and whatever Figure flarids in 


that Place, doth only ſignify it's own ſimple Value, wiz." ſo 
many. Units as that Figure repreſents, | Is 
. _ The ſecond Place is that of Tens, and any Figure 


that Place ſiguifieth ſo many Tons as that Figure repreſents Units. 


The 


Chap. 2. Of Numeration. MN _= 


The third Place is Hundreds, the fourth Place Thouſands, Kc. 
That is, each Place towards the Left-hand is Ten Times. the 
Value of that next it, towards the Right. 

For. Inſtance; ſuppoſe 759 were propoſed to be read or pro- 
nounced according to the Value of each Figure as they now, 
ſtand. The firſt Figure in this Sum is 9, becauſe it ſtands in 

the Place of Unzts, — therefore ſignifies but it's own ſimple Va 

| lue, to wit, 9 Units, or 9. The ſecond Figure 5 ſtands in the 
Place of Tens, and therefore ſignifies Five, Tens or Fifty. The 
Figure 7 ſtands in the third Place, or Place of Hundreds, and 
therefore it ſignifies Seven Hundred; and the whole Sum is to be 
read or pronounced thus, Seven Hundred Fifty Nine. 

Note, Although the Figure 7 ſtands in the third Place (accord- 
ing, to the Order of Numbering) yet when the whole Sum comes 

to be read, it is firſt pronunced ; the reading of Numbers being 

performed like that of Letters or Words, always beginning with 

the outmoſt Figure towards the Left-hand, and ſo many Figures 

| as are placed together without any Point, Comma, Line, or other 

Note of Diſtinction between them, are all but one Sum, me 
muſt be read as ſuch. 


For Example, 763596 is but one entire Sum or Number, not- 
_ withſtanding it contifts of ſix Places of Figures, and is thus 
read; Seven Hundred Sixty Three Thouſand, Five Hundred 
— Ninety Sir. 
Ide like is to be obſerved in 1 reading or expreſſing the true 
Value of any Sum or Rank of Numbers conſiſting of Seven, Eight, 
Mine, or — Places of Figures, each Figure being to be valued 
according to it's Diſtance from the Place of Unity: As in the = 
foregoing Table. 
Now ſuch Values may as well ariſe by Cyphers, as by other 
Figures; for inſtance, 6 ſtanding by itſelf, repreſents but Six 
Units: But if a Cypher be annext to it thus, 60, then it becomes 
Sixty; for the Cypher poſſeſſing the Place of Units, hath hereby 
removed the 6 into the Place of Tens; and another O more 
would make it 600, Six Hundred, = 
Whence it may be noted, that although a Cypher of itſelf 
Ganify nothing (as hath been ſaid before) yet being placed on the 
Right-hand of any Figure, it augments the Value .of that Figure 
by advancing it into a higher Place than otherwiſe it would have 
been, had not the Cypher been there. FE 
Take one Example more in Numeration (if you pleaſe, that 
in — 1 vix. 67898765431, which is, W as: * 
an — 


— 


Six 


8 — — Big be Thouſand Millions, 
Niue Hundred Eighty Seven Millions, 
Six Hundred Fiſiy Four Thouſand, 

Three Hundred Twenty One Units. Of any propoſed Species 
or Quantities whatſoever. 5 
And here it may be obſerved, that every third Figzre from the 
Place of Units, bears the Name of Hundreds; which ſhews that 
if any great Sum be parted, or rather diſtinguiſhed into Periods, 
of Three Figures y each Period (as in the foregoing Table) it 


will be of good Uſe to help the young Learner in the eaſier 
— that Sum. 


2 8 


Sect. 2. Of Addition. 
Pgęſtulate or Petition. | 


That am given Number may be increaſed or made more, by putting 
another Number 0 it. 


Addition is that Rule by which ſeveral Numbers are collected | 
and put together, that fo "their Sum or Total Amount may be 


known. 

In this Rule Two Things being carefully obſerved, the Work 
will be eaſily performed. _ 

1. The firſt is the true placing of the Numbers, fo as that 
each Figure may ſtand directly underneath thoſe Figures of the 
fame Value, v:z. place Units under Units, Tens under ** and 
Hundreds under Hundreds, &c. | 
Then underneath the loweſt Rank (always) * a Line to 

ſeparate the given Numbers from their Sum when it is found. 

Example, If theſe Numbers 54327, and 2651, were given to 
be added together, they muſt be placed 

54327 
Thus, 1 2551 


2 The frond thing en de e n e 
Adding together each Row of Figures that ſtand over one ano- 


| ther of the ſame Value: And that is thus peformed : 


RULE. 
Auen, begin your Addition at the Place of Units, and Add 
together all the Figures that fland in that Place, and if their Sum 
be under Ten, /et [O00 cr te oe TD 
Place; but if their Sum be more than Ten, you 99 
overplus, or add Figure above the Ten (or 22 
F ˙» ee ama aanr 


fo the place. of Tens; Adding them and all the t'igures that 
fland in the place of Tens together, in the ſame manner as thoſe 
of the Units were added; then proceed in the ſame order to the 
place of Hundreds, and ſa on to each place until all is dene. 

| This Joan! aailivg from 3, , 


E XAMP LE 1. 


"Ta the dem 1 required. 
Beginning at at og of Uh, I oy 1 nd? is S, which 


the 1 — 1 i 

282828 H down the faid 5 to the reſt, 
placing 
A 


EXAMPLE "PRE 


VV the dans of bete Manet 
3578 ＋496- C742 ＋-184＋ 95. Theſe being placed, as before di- 
ed, wn will ſtand as in the Margin. Then beginning (as * 
at the place of Units, ſay 5 and 41s 9, and A is 11, and 
6 is 17, and 8 is 25; ſet down the 5 Units underneath it's. 
en place of Units, and carry the 20, or two Tens, to the 
Place of Tu•ů (at which place they are only 2) ſaying, 2 
and 9 is IT, and 8 is Ig, and 4 is 23, and 9 i 32, and 7 
is 39; ſet down the g underneath it's own place of Tens, . 
_ and carry the 30, or three Tens (which indeed is 300) | 
to the place of Hundreds, at which place they are but 3, 5095 
ſaying, 3 I carry and 1 is 4, and 7 is IT, and 4 18. 15, and 
3 203 here decaſe there iv no Fire overpls (e before) 1 cr 
down a underneath the place of Hundred, and 92.8 
c 2 


it underneath it's own place, and then I find that 


e is 5, which being the laſt, J ſet it 
down underneath it's own place, and all is finiſhed. And find the 


dum or Total Amount to be 509535 84+-4964-7424+18 . 

If this Example be well 2 el * — 2 
ſhew the uſual Method of Addition in whole Numbers ; but to 
make all plain and clear, I ſhall ſhew the young Learner the 
Reaſon of carrying the Tens from on Degree or Row of Figures, 
to the next Superior Degree, which is done purely to fave 
Trouble, and prevent the uſing of more Figures than are really 
. „ as will appear by 3 
together the fame Numbers of the kid Example. 


| Thus, add together each fingle 
Row of Figures by it ſelf; as if there 
were no more but chat one Row, 


ſetting down the Sum underneath its 


The Sum of the Row of Units, is 
The Sum of the Row of Tens, is 
The Sum of the Row of Hund. is 
The three Thouſand brought down 


The Sum or Tel Amount as before, is 5095 


From hence I preſume it will be eaſy to conceive the true 
Reaſon of carrying the aforeſaid Tens; and alſo that Cyphers do 
not augment or increaſe the Sum in Addition. (fee Page 4.) 

I might have here inſerted a Lineal Demonſtration of this 
Rule of Addition; but I thought it would rather puzzle chan 
improve a young Learner, eſpecially in this place; beſides the 
Reaſon of it is ſufficiently evident from that Natural Truth of 
3 being Equal to all it's Parts taken together. Euclid 1. 
| I 

"That is, the Numbers which are propoſed to be added toge- 
ther, are by that Axiom underſtood to be the ſeveral Parts, and 
their Sum or Total Amount found by Adi is under to: be 

the Whole. 
And from thence is deduced the Method of proving the 
Truth of any Operation in Addition, viz. By parting or 
the given Numbers into Two Parcels (or more, 8 to the 


Chap. 2. E Sudtracion, 11 


| ä 


ſound, then all is right; if not, care mult de taken to diſcorer 
and correct the Error. 


« 4 


E * AMPLE. 
5647 
3289 (The Sum of theſe Parts is, 12952- 
} 4016 
Add 
2900 
5007 {The Sum of theſe, i * 
The Tal Sum of N. The Sum of each 55 
all theſe 1 22465 Parcel put together 22465 
ed. 3. Of Subtraction, 
Py oftulate or Petition. 
That any Number may be diminiſhed, or made leſs, by _ 
another r. from it. 


Dubtraction i is that Rule W which one Number | is deducted 
or taken out of another, that ſo the Remainder, Difference, or 
Exceſs may be known. 
| As 6 taken out of q, while rejoin 3 This 3 is alſo the 
Difference betwixt 6 and q, or it is the Exceſs of 9 above 6. 

herefore the Number (or Sum) out of which Subtra&ion i is 
required to be made, muſt be greater than (or at leaft equal to) 
the Subtrabend or Number to be ſubtratted. | 

Note, This Rule it the Converſe or Direct contrary to Addition. 

And here the ſame Caution that was given in Addition, of 
placing Figures directly under thoſe of the ſame Value, viz. Units 
under Units, Tens under Tens, and Hundreds under Hundreds, &c. 
muſt be carefully obſerved; alſo underneath the loweſt Rank 
there muſt be drawn a Line (as before in Addition) to ſeparate 
the iven Numbers from their Difference when it is found. 
hen having placed the leſſer Number under the greater, the 
Operation may be thus performed. 

RULE. 

Begin at the Right Hand Figure or place of Units (as in 

Addon) and tae & cs I the lower Figure in that place 


from | 


from the Figure that flands over it, ſetting den the Remainder 
or Difference underneath it's own place. If the Tuo Figures 
chance to be Equal, ſet down a Cypher: But if the upper Figure 


be leſs than the lower Figure, then you muſt add 10 to the 


ſubtract the lower Figure, ſetting dit the Remainder (as before 
directed). Now becauſe the 10 thus added, was ſuppoſed to be 
borrowed from the next ſuperior place (viz. of Tens) in the upper 
Figures, therefore you muſt either call the upper Figure in that 
place from whente the 10 was borrowed, one leſs than really it is, 


Figure in that place one more than it really is, and then proceed to 
Subtraction in that place, 'as in the former; and fo gradually an 
from ane Row of Figures to another until all be done. | 


3 LAM. = 
Let it be required to find the Difference between 6785, and 

4572. That is, let 4572 be ſubtrefed from 6788. 
122 * Numbers being placed down, as before directed, will 


| Thus} 67885 


4572 


| 2213 
Beginning at the place of Units, take 2 from 5 and there 


will remain 3 which muſt be ſet down underneath it's own place, 


and then proceed to the place of Tens, taking 5 from 8, and 
there will remain 1, to be ſet down underneath it's own place; 


mains 2, which ſet down, as before; laſtly, take 4 from 6 and 


221 35=5785—4572, as was required. 


a EXAMPLE 5 

The Difference between 5 and 7496 is required. 

fan Lhe the Numbers Is in the Margin, begin 2 
t the place of Units (as before) and ſay ꝙ from 6 cannot 7496 
be, but 9 from 16 and there remains 7, to be ſet down 5849 
| where you muſt now pay t 

make the 6, 16, by accounting the upper Figure g in that ri 
place one leſs than it is, ſaying 4 from 8 and there remains 4, 


1 


* 


_—  (eiehinetick: Fm 1. 
Figure, or mentally call it 10 more than it is, and from that Sum 


ar elſe {which is all one, and moſt uſual) you muſt call the lower 


again, at the place of Hundreds, take 5 from 7, and there re- 


there will remain 2, which being ſet down underneath it's own 
place, the Work is finiſhed, and the Difference ſo found will be 


.. nh gl next proceed to the place of Tens, ——— 
10 that was borrowed to 1647 


elle {which is the moſt practiſed) fay x 1 botrawed and HEN 
| | : | - = * | ram 


Chap.2. Of ubiranion. _ 
from 9 and there remains 44 > Jo te dong nin Rm 
(as before); again, at the place of Handreds, ſay 8 from 4 


cannot be, but 8 from 14 there will remain 6 to be 
and here I have borrowed 10 (ﬆ Wy which 2 


1, which — 
Difference required will be 1 677 496—58 49- 


EXAMPLE 3. 
From 830476 
Take 741068 


Remains 89408 


By this Example y ou may perceive that Cyphers i in the Sub 
trabend, viz. in the A to be ſubtrafed, do not diminiſh 
| the Number from whence Snbtra##ion is made. See Page 4. 
Theſe Three Examples, I preſume, may be fufficient d to ſhew 
the young Learner the Method of Subtraing whole Numbers; 
as for the Reaſon thereof it is the ſame with that of Addition, 


Page 10, viz. of the Whole being Equal to all it's Parts taken 
ether. 


„„ from which. Sulwrefie is 
required to be made, is underſtood 595 
Subtrabend, or Number to be ſubtractad, is ſuppoſed to be a Part 
of that Whole ; conſequently, if that Part be taken from the 
Whole, the Remainder will be the other part. 5 
_ = hence is deduced the commmon Method of proving Sub- 
ion, by adding together the Subtrabend and the Remainder. 
7 if the Sum of thole Two (which are here called 8 be 
equal to the Number from whence Subtractian was made (which 
is here called the Whole) then the Work is right; if not, care 
muſt be taken to diſcover and correct the Error. 


EXAMPLE. 


— 


Arithmetick. Part I. 


a from the aboveſaid Reaſon, it will be Jy to conceive how 
to prove the Truth of 1 by Subtraction. 


For if from 509435 being here the whole, 
there be taken 47608 * 


there will remain 11827 the other part (as before) 
And if from 59435 the whole, there be Subtracted the 
Anſt part, viz. 11827 


there will remain 47608 the firſt part, or Number which was 
required to be firſt Subtractad. 


From 75643 1 From 7000000 
Take 9000 | Take 986432 
Remains 66643 Remains 6013568 


. £ a 


Set. 4. Of Multiplication. 
- Pultiplication is 2 Rule by which any given Number may be 
ſprodily increaſed, according to any propoſed Number of Times. 
That is, One Number is ſaid to Multiply another, when the 
Number multiplied is ſo often added to elf. as there are Units 
in the Number multiplying ; and 2 Number is produced, 

- (Euclid. 7. Def. 15.) 


To 4 Fs Muirplicaion, there 1 is required two given Num- 
bert, called Factors. 
The Firſt is the Number to be multiplied, which is 1 
ou the greater of the T wo Numbers, and is » ſ Aoca 
plicand. 
be other is that Number by which the Firſt is to be multi- 
 PÞlied, and is uſually called the Multiphcater or Multiplier; and 
this denotes the Number of Times that the Multiplicand is required 
to be added to itſelf, For ſo many Units as are contained in the 
Multiplier, ſo many times will the Multiplicand be really added 
to itſelf (as per Euclid above). And from thence will ariſe a 
Tbird Number, called the Product. But in Geometrical Opera- 
tions it is called the Rectangle or Plain. 
For inſtance; ſuppoſe it were required to increaſe 6 ſour 
times, that is, to multiply 6 into or with 4. © Theſe twa Numbers 
are to be ſet (or placed) down as in Addition or Subtraion, 


Thus 


Chap. 4s f apmtiplication. ns 
Tha 4 '6 — =o Me For Factors. 


bee 24 wi. 4 times 6 is 244 9 phinly appear 


by Addition, viz. By ſetting down 6 four. j1| 
times, and then adding them together into one 2 5 Add 
4 


From hence it is ike that Multiplication | 
is only a Conciſe er Compendious Hay of ad- 
ding any given Number to itſelf, /o often . as 1 and of 
Times may be propoſed. 
| Before any Operation can be readily performed in Multipli- 
cation, the ſeveral Products of the fingle Figures one into ano- 


ther muſt be perfectly _ by Heart, vis. That 2 times 2 is 


4, that 3 times 3 is 9, and 3 times 6 is 18, &c. According as 
they are expreſſed in the following Table; -wherein I have 
omitted 2 with 2, it being ſo i 19 0 chat ey one 


may do it. 
| Multiplication Table. 


13x 4==1I2 


3x3Z= 9 


Zx5=15 
| DT: 
; "wp 


D 61 
4x ber 
456224 
4x7=28 
4x8=32 
— 


$x5=25 
5x6==30 
$x7==35 
5x8==40 


6x6=36|[7 x 


6x7=42[7 
6x8=48 


=40| 0x9=541* 
5x9==45|* 


1x7=49 8x 7 
568 = 
7285 TED 


| $x9=27 


I think it needleſs to give any TIN of this Table 3 
for if the Signs and their Significations be well underſtood, (vide 
page 5) it muſt needs be eaſy. Only this may be noted, that 
| 4x3==3x4z or 7Tx5=5x7, Ce. 

That is, 3 times 4. is the ſame with 4 times 3, or 5 times 7 
is the ſame with 7 times 5, c. The like muſt be underſtood 
of all the reſt in the Table. 

And when all theſe ſingle Products are fo perlectly learned 
by Heart, as to be ſaid without pauſing; you may then proceed 
(but not till then) to the Buſineſs of Multiplication; which will 
de found very eaſy, if the following e (and * be 

FE obſerved. : 

RULE. 


| u begin with that Figure which flands in the Units place 
of the lll and with it multiply the Figure. which fence 


only 
- 


eſs 
its, and 
if ther 


plied the next Figure 
weil all .the- Fi- 


ſame Figure of the Multipler; 


place of Un 
: 
« the Overplus 
or carry) tht ſaid 
2 Product add the Ten or Tens carried. in mind, 


and bear (0 


— 


the Multiplicand ; if their Product be le 


place of 
** 


manner 


on in very = 


Multiplicand. But 


is eum 
then ſet down 


therr Sum cbove the Tens, os 


of 


as is Addition) 
| until you heave multi 


of .t 
abeve Ten for Tens) 


Multpticand, with the 


gh 


r. 


— 


1 are multiplied. with that Figure of the 


Mule 


d ſo proceed 


ting drum the Our 


* 


2 172 
111155 
* *H- 


88888 
1 118 1 211 
LH = 
5 8 ke I 
_—” LH 
SIT erke 
Road ien : 

I ane: 
He 2 15 
Fr 
PH 
11 & 8 A 1. 


'B ; | 
cauſe it 1s 


- before 
which 
is finiſhed ; 
quired. 


EXAMPLE 2. 


1 to multiply 8569 into 8. Set down theſe 


. 5; % ” " 
: * . 3 


re 


be * ak beth x * 0 „ 8 Ds 0 * „ 


Ht 


5 


ene e ef — wk 0 Sas © TIM pry + 
| —— in mind is 68. (Now this being the laſt Place or Ft 
oy | 


to be multiplied) Set down the whole Produ 68, and the 

is done. 

Sa that, 85 3685525 the Produ#? requited. * 
Nen . en of ub and all enter the Ale Operation may 

r a 


- £346 3 | The — 


| KL | Here 8 times 9 is 724 us before, becauſe the g 
| | 17]* 7 Rands in the Units place. 
| Now here it is not really 8 times 6=49, 2 
4480 — NE RrRAyOy*" 
| 5k 

And here it is not 8 times 5=40, but it is really 

js times 500==4000, becauſe the $ d in the place 
of Hundreds. 

||| | © Lach, becauſe the 8 in the Multiphicand ſtands 
64oſo o Fin the ple of th Thouſands, it is therefore $ times 
9 AS and not 8 times 8=64. 
Nr The Sum of the particular L. which gives 
5 5 the true Product, as before. 


8 bath been already faid, with a | Vtle Conſideration 
had to the Examples, I preſume the Learner may eaſily under 
ſtand how to multiply whole Numbers with any fingle Figure, 
And when it is required to multiply with more than one; then 
ſo many Figures as there are in the Multiplier, ſo many parti- 
cular Produ#s there muſt be. 

That is, all the Figures of the Meultiplicand, muſt be mu- 
phed with every ſingle Firure of the Multiplier, as if there were 
but one ſingle Figure: and the Sum of all thoſe particular Pro- 
ducts, will * — true Product required But in thoſe Opera- 
tions, great Care muſt be taken in ſetting down the particulag 
Products (which ariſe by each multiphing Figure) in their proper 
places. Which will be cafily done, if the following DiceGzons 
be carchully obſerved. 


Always ; the firſt * (or Cypher) of evety 
Fas Le, G directly underneath the multiphing 
2 thus: 
eh Figure (er Cys Cypher) of the «ſecond particular product 
and direct) Figure (ar 3 


Fi fab on and the ih Fu 7 Fe og Cypher) Sdn | 
6 


44ſoſoſo 


16  Arcthmetick. Part I. 
in the Units place of the Multiplicand ; thair Product be leſs 
than Ten, ſet it down underneath it's own place of Units, and 

oceed to the next Figure of the Multiplicand. But if their 
| Paulus be above Ten (or Tens) then ſet down the Overplus only 
(or odd Figure, as i= Addition) and bear (or carry) the ſaid 
Ten or Tens in mind until you have multiplied the next Figure 
of the Multiplicand, with the ſame Figure of the Multiplier; 
then to their Pruduct add the Ten or Tens carried in mind, ſet- 
ting down the Overplus of their Sum above the Tens, as before : 
and fo proceed on in the very ſame manner, until all the Fi- 
=_ of the Multiplicand are multiplied with that Figure of the 

It —— 


tiplier. | 
OE =: EXAMPLE I. 


- Suppoſe it were required to multiph 3213 into or with 3. 
321 Afultiphcand, For Factor. 
Product 9639 


Beginning at the Units place, ſay 3 times 3 is 9, which, be+ 

cCauſe it is leſs than Ten, ſet down underneath it's own own place, 
and proceed to the next place of Tens, faying 3 times 1 is 3, 
which ſet down underneath it's own place ; then to the next place, 
vix. of Hundreds, ſaying 3 times 2 is 6, which ſet down, as 
before ; laſtly, at the place of Thouſands, ſay 3 times 3 is 9, 
which being ſet down underneath it's own place, the Operation 
is finiſhed; and the true Product is 9639=3213x3, as was re- 


Ow EXAMPLE 2. = 
Let it be required to. multiply 8569 into 8, Set down theſe 
Numbers as ore, * 5 e 
a "WY 

68552 


Beginning at the Units place, ſay 8 times ꝙ is 72, ſet down 
the 2 underneath it's own place of Units, and bear the 70, or 
7 Tens in mind, and proceed to the next Figure of the Multi. 
Plicand (at which place the 7 Tens are only 7) ſaying 8 times 
6 ig 48, and the 7 carried in mind is 55 ; ſet down the odd 
underneath it's own place of Tens, and carry the 50 (which is 
really 500) to the next place (viz. of Hundreds) at which 
it is only 5, where ſay, 8 times 5 is 40, and the 5 car- 
Led in mind is 45; ſet down the 5 underneath it's own place, 
ad carry the 40 or 4 Ten (which is really 4000) to the 

2 | nest 


* 


a 
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next place, viz. of Thouſands, ſaying, 8 times 8 is 64, and 4 
carried in mind is 68. (Now this being the laſt Place or er 
to be multiplied) Set down the whole Product 68, and the E 
is done. 

So that, 8569x8=68552, the Product required. 

No the Reaſon of this and all other the like 3 may 
be eaſily conceived from this which follows. 


856 2 } The ſame Factors as before. 


» 
e 


| uy Here 8 times 9 is 72, as before becauſe the 9 
7 ſtands in the Units place. 
= Now here it is not really 8 times 6=48, but it is 
44810 Jae bo=480, becauſe he 6 ſtands 1 in the place of 
ens 

(And here it is not 8 times 5 240, but it is really 
oJs times 500==4000, becauſe the 5 ſtands in the pcs 
of Hundreds. 
| Laſtly, becauſe the 8 in the Multiplicand tarids 
6 * oſoſo 5 the place of the Thouſands, it is therefore 8 times 
| | | C8000=64000, and not 8 times 8=64. 

—F The Sum of the particular Produdts, which gives 
68 E 5 2 
Uthe true Product, as before. 


By what bath been already faid, with a lietle Conſideration 
had to the Examples, I preſume the Learner may eafily under- 
ſtand how to multiply whole Numbers with any ſingle Figure. 

And when it is required to multiply with more than one; tben 
ſo many Figures as there are in the Multiplier, fo many parti- : 
cular Produs there muſt be. 

That is, all the Figures of the Multiplicand, muſt be mulii- 
plied with every ſingle Figure of the Multiplier, as if there were 
but one ſingle Figure: and the Sum of all thoſe particular Pro- 

ducts, will be the true Product required But in thoſe Opera- 

tions, great Care muſt be taken in ſetting down the particular 
Products (which ariſe by each multiplying Figure) in their propet 
places. Which will be eaſily done, if the following Directions 
be careſully obſerved. 
T Always place the firſt Figure (or Cypher) of evety 
Va. RY Product, directly underneath the. multiphing 
Figure. Or thus: 
The Firſt Figure (or Cypher) of the ſecand particular Product 
muſt fland direftly under the = Figure (or place) of the 
Firſt Product; and ihe Fi 2 Figuen * Coates) of the Third 


5 iar ticular 


ſuppoſed to be there: That is, their Places are always 
as in the two following REY wherein I have * Prints BD 


mls - K " N 
__ ER 
F GAL Bos et 19. LA A a a tn Ws nog 
I ——_ . * Y' foes - * T 4 N — 
© 1 . . al 5 2 Sa a * 3 & i A v we a 4 4 e 2 "= „ * _ N 
4 N 1 » * hw * 2 * nee T - 4 *. . * 
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take care; of placing the firſt Product of the laſt Figure, VIZ. or 


Arithmetic. | | "Pure. 


. 0 ©. o o 


. Rare Produdt, muſt fand direct — the T, bird 


re of the Fi Product: And ſo on until all is done, 

ow the Reaſon of placing the firſt Figure of every particular 
Product in their Order, will be very obvious to any one that 
conſiders the laſt Example; wherein the Cyphers are only ſet 
doun to ſhew the true Diſtance of the firſt Figure in each 
particular Product from the. Units place. And altho' it is not 


uſual to ſet down Cyphers in this manner; yet they are always 
left void, 


inſtead of Cyphers. 


3 EXAMPLE z. 
Lake ie whbiFyGogq/ into or with ven 


8094 
75830 Factors. 


234282 The Firſt particular Product with 9 
468564. The Second particular Product with 60 
390470. The Third particular Produ# with do 
546658... The Fourth particular Product with 7000 


590624922 The Total, or true Product required. 


2 | EXAMPLE 


. it be required to multiply n into o boobs. 


57498 
60008 


— 459984 The Produ with 8 
: 3488 . . "The Product with 6oo00 | 


3450339984=57498x60008, as was required... 
Here you may obſerve, that I pai over the Cyphers, 


and only | 


60000 acccording to the foregoing Directions. 


annex fo” many Cypbers as are in Either or both dde Faden. 


When there is a Cypher or Cyphers, to the Nght- hand either 


| of the Multiplicand or Multiplicator, or to both; in that caſe 


the Figures as before; neglecting the |Cyphers until 
particular Products are added together; Then to their Sam 


babes oe 


1 
# 


9 'y 5 — - 
38152 


5 _m_ 


Takes few Example without their Wark at * 


25640879 480077 
687000x 356==244572000 
_ $30674x45007==23884044718 
7901375 30000==23704.1250000. 
$37084000x590700=317255518800000 DT” 
102030405 504302015 1426405540 2614oy⸗ 
9876543211 23450789=1219 32641 I 12635 269 


Note, If it be required to multiply any Number with 10. 
100, 1000, 10000, Cc. it is only annexing the Cyphers of the 
Multiplier to the 885 of the ä and the Work is 


Th... 1 57810 =5780 578x1000 ==578000 
Thus; } 78x100=57800. $76x 10000=5780000, &c. 


| Theſe Examples (being well underſtood) are ſufficient to 
inſtruct the Learner all the Varieties that can happen in multiply- 
ing of whole Numbers, according to the Method generally prac- 
tiſed: However it may not be amiſs to ſhew here how Multiplica- 
tion * be ewes (with many 1+ ng by Addition No 


BXAMPLE. 


Let it be required. to multiph 879654 into 19863. 
-In order to perform this (or any other Operation of this. 
e Men, only; you muſt make a Tariffa or Col Table of 


r= uy ID Rn. place down». 
a n, in it graduall | 
wand he Nu fn Per; i I, 2, 3 4, 5, Cc. * 
2 - en 


1 'Then againſt the Fig igure 1, 2 r the — 
5 (which in this Example is 879654) and againſt the Figure 2; 
ſet down the double of het Multiplicand, found by adding 
it to itſelf; To this double add the Maltiplicand, ſetting 
down their Sum againſt the Figure 3. And 
ſo proceed on by a continual fadimn, until 1 879654 
there be Ten times the Mulliplicand in the | 2 Y 
Table; which if the Work is true, will be the 3 
Aultiplicand itſelf with a Cypher to the "4 
Right- hand of it, as in the annexed Table. 514398270 
6 | 


This being done, it will be eaſy to conceive, 
that the Figures in the ſmall Column of the 
Table, do teſpectively repreſent thoſe of the | | 

Multiplier : And that the Numbers againſt 9|7916886 

any of thoſe Figures in the ſmall Column, will 10 8796540 

be the true Predud} of the Maltiplicand agree: * 


ing to any Figure of the Muloplir; as plainly apprars by th 


Work of — 
Then N The Funn as before, 
= LY 5 de Table is 2638962 est, 
V Pe 5277924 =879654x 
Agiinft 9 is 7037232 er 
2M ; 1 791 6886 3 54x9000 


5. „ 6157578 c<=879654x70000 - 
The Product required 70251807402 =$79654x79863 


Note, This Method of tabulating the Mukiplicand, is both 

| eaſy and certain; being neither ſubje& to Errors, nor burden- 
ſome to the Memory, and therefore in large Calculations it 

de found very uſeful. But for common Practice the uſual 


Method {as in Page 18, Ec.) is beſt, and to be preferred debe 


Moſt Maſters that teach (and . Authors that write of) 
 Hrithmetich, do teach to prove the Truth of Multiplication, by 
caſting away all the Vines that are contained in both the Factors, 
and their Produc? ; but becauſe that Method is yery erroneous, 
as might be eaſily ſhewed; I ſhall therefore omit inſerting it, 
and leave the Proof of Multiplication to the next Section, where - 

: 2 Reaſon eng Pee, * of it, - Fes BO 


5 1 . 
* | * cf ©, 


* - 
4 
* | 


R 2 be ſpeedily 
ſubtra#ted from another, fo many times as it is contained 
therein; 


That is, It ſpeedily aner how ofen ves Nether ts . | 

tained {or may be fined) fwianother' And to perivem that there 

are required Two Numbers to be given. 

We one of them is that Number which is propoled to be 
divided, and is called the Dividend. 

2. The other is that Number by which the faid Dividend is u 

be divided, and is called the Diviſor. 

And by comparing theſe Two, viz. the Dividend and the 
Diviſer together, there will ariſe a Third Number, called the 
Quotient; - Which ſhews how often the Diviſer is contained in the 
Dividend, or into what Number of Equal Parts the gamers is 
then divided... Therefore, 
Diviſion is by Euclid fly * the 8 of one Number 
by anather, viz. one Number is ſaid to meaſure, another by that 
Number, which when it muitiplies, or is multiplied by it, 2 . 
duceth. Euclid 7. Def. 23. 

Aud, if a Number meaſuring another, multiply that Number 
by which it 2 er be multiplied by by it, it produceth _ 
Number which it erb. Euclid 7. Axiom g. 
Ihpat is to fay, If that Number which divides another 

the Diviſer) be mu 


ltiplied with the Number which is 1 | 
dy Diviſion (called the Quotient) their Pradact will be the Num- 
ber divided or Dividend. Whence it follows, that Diviſion and 
Muitiplicatian are the Converſe and Direct Contrary one to ano- 
ther (as SubiraF:n is to Addition) and do mutually prove the 
Truth of each other's 
| I fhall therefore make choice of the foregbing Exam ti 
Multiplication, in order (as I preſume) to render the Buſineſs of 
r more plain and eaſy. 
© Firſt, let it be required to find how often bis contained in 24, 
| That is to divide 24 by 6. — 
NB. Always place down the given Numbers in this Order 
Firſt ſet down "he Diviſe, and to the Right-Hand of it dr 
crooked Line; then ſet down the Dividend, and to the Right of 


it draw another crooked Line, in which * 


., or grey ey brrome found, © 
2290 | "Thus ; 


LA. tn. 


%. 


| Divided 
Thus Diviſor 6) (4 the ks 
Here I conſider how Ph, 6 there is in 24, and find 
R © 7. On 4 2 oe On or 
* 


Th. is apparent by Subtrafion, as 8 | 24 
in tbe Margin; where 24 the Dividend „ 1 6 
| ſet domn, and from it 6 the Diviſoe 1 
continually ſubtralted ſo often as it can 5 , | ,| 6 
de, which is juſt 4 times. Therefore 2 
4 is the true Quotient or Anſwer re- 2 316 
a 
| ; 88 41 6 
8 0 
COROLLARY 
| From hence it is evident; that Diviſion is but a conciſe or 
compendious Method of fubtratting one Number from another, 


{© often as it can be found therein; for if the Diviſer be con- 
« fubtraFed from the Dividend, accounting an Unit 
e ny, of ſs 


wy en, in Diviſan do 
 Aultiplication, viz. at the Firſt Fi 
_ of the hig Value, and decreaſe the Dividead by a 

Subtractian of each r when niul- 
into the Qpotient Figure. And the on! y Difficulty in Di- 
m of whole Numbers (or Saks of any Numbers) lies in making 
ice of ſuch a Duatient Figure, as is neither too big, nor too 
„0 
. „ 


1 


gur to the Leſt - hand, or that 


8 
1 
* 


R ein, — 7 


that in Page 16 be the firſt, wherein there was 


tiplier, both given; thence to find the Muttiplicand. 


Diuiſer, ſetting down their Product 3 the ſai 
Firſt Figures of the Dividend, — it from 
then the Work will ſtand 


1 

Caſe 2. So often —- Fir. Fi igure 7 the Drei, is fa 
from the Two Fiyſ Figures of the Dividend, { often muff the 
Second Figure of the Diviſor be taken from the Third Figure of the 
1 when it is yoined with what remained of the Second: 
ten muff the Third Figure of the Diviſor be taken from the 
Farr igure of the Dividend, &c. ; 
That is, the Quotient Figure muſt be ſuch, as being 2 


into the Diviſer, will produce a Product equal to ſuch a part of 


the Dividend as is then taken for that Operation : But if fuch 

a Product cannot be exactly found, then the next leſs muſt be 

taken, and ordered, as in the following Examples : of which let 

given 85 = 

Maultiplicand, and 8 the Multiplier. To find the Product 

Let us here ſuppoſe the ſaid Product 68552, and 8 the Ty 
That is, 


Let it be required to divide 68552 by 8. 


Dividend 
 Diviſer $) 68552 ( "Dp when found. 


According to the Rule, Caſe x. I compare 8 the Diviſor with 
6 the Firſt Figure of the Dividend, and Shding I cariace the it 
from that; T then conſider (by Caſe 2.) how often 8 can 
taken from 68, the two firſt Figures of the Dividend, and 
it may be taken 8 times; for 8 times 8 is 64, being the | 
Produtt of 8 (into any Figure) that can be taken from 68, 
therefore place 8 in the Ruotient, and with it multiph 


Thus 8) 83 (8 
64 


— 


8 . 
- 
= 
o 


In order to a Second Operation, I make a Pen under the next 
Figure of the Dividend, viz. under the 5, and bring it down 
underneath in it's own place to the Remainder 4, which will by 
that means become 45. "Then I confider how many times 8 kan 
be taken from 45, and find it may be 5 times; for 5 times'$ is 
83 — ng oe 2 


> U | 


We | bo; 

ww "75, 

| 115 25 — 

TH 5 

. 41 181 5 
RI: es HL 5; 
3 1 EH 
a I; £ 12277 

Al 


For 2 
Kere of 
before, 
ſand 


bh 8 8) 685 52 2 "ooo. 5 The Firſt Puetient Figure ; 


This Product of the Diviſir into the 
uotient is 64000, viz. 8 times 8000; the 
04 Ruotient Figure being always of the fat 

alue or Degree with that_ Figure under 
which the Unit's place of it's Produc? ſtands. U 


' Divifer 3) TIE (500. The Second Quotient Pigure, 
8 _ p | | And here the ive He is 4000, VIZ, 8 
| * s 1 times 500, not g times 3. 


Subtra 640 


Diviſer 8) 45 5 2 (60. The Third Duotient Figure. | 
Pe Alſo here the Produd is 480, viz, 8 
q o times 60, for the Reaſons aboveſaid. 
Diviſar 8) 1912. (6. The Fourth Dreien Figure, 
| FL | | © Now here the Produ# is but 72, vis. 
| Subtraf? I K times 8, becauſe the 9 ſtands in the place 
| | of Units. | . 
| Remains (oo) Now the Sam of all the Teverat Ein 


_ viz. 8000+300+60-+9= =8569, as before. 


Tf the Proceſs of this Example be well Sasse and compa- 
red with that of Multiplication, Page 17, it will evidently a 
| pear to be only the Converſe of that; for the particular Pro- 
Aut are alike in both, only that which is 14% there, is fir 25 
here; there they are adulad, here they are ſabtracted. So that 
W underſtands the true Reaſon of the one, muſt needs 
underſtand the Reaſon of the other, and then Divifon will be- 
come very eafy, although the Divijer conſiſts of ſeveral * | 


of Figures. 
EXAMPLE. 
Let it be required to divide 590624922 by 7564. 
iuidend. 


Diviſer 7563) 599624922 ( 


if plain at the firſt fight; that 7563 the Pic, caniiot bs 

taken from 5906, the like Number of Figures in the Dividind. | 
\ Therefore, by the Second Cafe of the Rule (Page 23.) there 
muſt be allowed Five Figures of the Dividend, viz. 59062 for 
the Firft Operation or Quotient; that ſo the Firſt Figure 7 of 
_. the. he Da as, U be * eat e of the two 1 * viz. 59 


I 
Then 


Then I — (per Ca 17 2.) and conſider die ** 7 may 
be taken from 59, and find it may be taken 8 times, for 8 
times 7 is but 56, which I mentally ſubſract from 59, 5 
there remains 3; to this 3 I mentally. adjoin the Third F 
of the Dividend, viz. o, which makes it 30, out of which I 
muſt take the Second Figure of the Diviſer, viz. 5, fo often as 
I took the 7 from 59, which was 8 times: But that cannot be, 
for $ times 5 is 40, which is more than 30, therefore 8 is too big 
2 Figure to be placed in the Quotient; yet, hence I conclude, 

that the next leſs, viz. 7 may be taken without any further | 
Trial. I therefore place 7 in the Quotient, and with it multiply 
the Diviſor, ſetting down their Praduct under the Dividend, 
and ſubtrar? it from thence, as in the other Example, and then 
the Wort will ſtand 


Thus HEM 590624922 6 
Wa 


6121 

In 9 to a Second Operation, I make a Paint under the next 
Figure of the Dividend, viz. under the 4, and bring it down 
to the Remainder 6121, which will then become 61214, with 
which I proceed in all reſpects as I did before with the 59062, 
and find the next Quotient Figure will be 8, with which I mul- 
tiply the Diviſor, &c. and ſubtract their Product from the faid 
61214. Then the Work will Rand. 


Thus 7563) 3 (78 
52941. 


61214 
60504 


710 


To this Remainder 710, I point and bring down the next 


7 Figure of the Dividend, viz. 9, which makes it 7109; now | 


becauſe the _ 7563 reg be taken from 7109, I there- 
fore place a Cypher in the Quotient 5 
Aud this muſt always be — ne viz. That fir 
_ every Figure or Cypher, which is brought down from the Divi- 
dend, in order to @ new Operation, there muſt 4 be either 


Ar eee the Work 
wil nd "II 


. "Or Diviſion, 


Thus 7563) 590624922 080 
— 5 ä 


61214 
| 60504 


109 

To this 7109, I bring down ber Figure of the Dividend, 

vix. 2, and then it will become 71092; then I confider how 

' often 7 can be taken from 71, c. (juſt as at the firſt Operation,) 

and find it may be taken 9 times, therefore I ſet down 9 in the 

Duotient, and with it multiply the Diviſor, - ſetting down and 
Jultracting their Product, as before; Then the Work will ſtand 

Thus 7563) 590624922 (7809 
. 


61214 
60504 


71092 
68067 


025 
To this Remainder 3025, I * and bring down the laſt 

Figure 2 of the Dividend, which makes it 30252; then pro- 

ceeding in all reſpects as deſore, I find the Duotient Figure to 

be 4, with it I multiply the Divijſor, ſetting down and — 2 

theis Product as before, and then the Work will ſtand 

Thus 7563) _—_— (78094 
$2941 * 


61 214 
wh 60504 


—_———_ 


71092 | 
68067 


30252 
30252 


7— 


5 


(doo 
Here the Work is ended, and I find entice be "2 


being the true Multiplicand of the propoled Example of Multi- 
Plication, Page 18. 


. — 7563 is contained in (590624922 juſt 78094 times, ei 


— 
It the Work of this Example de — and — 
with the Rule (Page 22.) the whole Bufineſs of Diviſion will 
be eaſy; for indeed the onl Difficulty (as J faid before) lies in 
making choice of a true Quotient Figure, which cannot well 
'Y done according to the Common Method of Divifon, without 
nap yet thoſe Trials need not be made with the whole D:viſer 
as appears by this laſt Example) for by the two Firſt Figures 
the Diviſor all the reſt are generally regulated; except the 
Second Figure chance to be 2, 3, or 4, and at the ſame time the 
Third — be 7, 8, or 9, then indeed reſpect muſt be had o 
the Third Figure, according as the Rule directs. 
However, if thoſe Trials are thought too, troubleſome, they 
may be avoided, and the ſame Quotient Figure may both eaſily 
and certainly be found by help of ſuch a ſmall Table made of | 
the Diviſor, as was of the Multiplicand i in Page 20. 


EXAMPLE 4. 


LY it be required to. divide 025180740 by 0 5 2 | 
the Example if of Multiplication, age 20, and the & 


_— make 0 Table of the Divi 79863, 


Thus, 
Diviſor. Dividend. Quotient. 
1] 79863) 70251807402 (879654 
21159726 6389204 be Work of this Operation 
4359315 555. 5 e gs te 5 
770997 
e ID e 
| 81638904 5223504 fo Column 83 what 
91718767 . 479178 Figure is to be placed in 
201798630 431260 wotient ; without any dne 


Trials of the Div: Pa with the 
— © "289453 Dividend, as before. 2 
319452 


35 
29 

25 

— 


n 
it be required to divide 437 
67 45779 (65349 the true Laer . Lat required. 


— — CI; 


358 
335 
— 
239 
201 
Remams (38) : 
How ſuch Remainders thus placed over their Diwiſars (which 
are indeed Yulgar Fraftions) may be otherwiſe managed, ſhall 
be ſhewed farther on. 
N. B. When the Divjor happens to be an Unit, viz. 1, wich 
_ Cypher or Cyphers annexed to it, as 10, 100, 1000, &c. 
is truly performed by cutting off with a Point or Comma, fo many 
Figures of the Divided as there are Cypher in the Diuiſer ; then 
are thoſe Figures ſo cut off to be accounted a Remainder, and the 
reſt of the Figures f re- 
Quired, becauſe an Unit or I doth neither | 
_— ired TAMELE . 
required to 5 
Rand thus, 100) 578, 42 the Ven 
$7842 Een | 


t follows, that if any eee 
mn 


— 


5 Par 1. 
** the other Figures of the Dividend, 
or that are left when the Cyphers 


r when | "Divifen is ended, thoſe Cyphers fo 
8 cut off in the Dividend, 


. 
£4 „ g — — — r - 4 wy . 2 * l 
Arichmetich. 
0 = 


EXAMPLES 
Suppoſe it were required to divide 675469 by * 
5400) 075499 (125 


Retains (4) Bat te trus Remainder is 469 
' Conſequently the true Duotient is 125 f. 

As to the manner of proving the 'Fruth of any Operation, 
either in Multiplication or Divifion, I preſume it may be caſily 
underſtood, by what is delivered in Page 21, compared with 
the three firſt Examples of Diviſion ; for from thence it will 
be eaſy to conceive, that if the Diviſor and Quotient be 
multiplied together, their Product (with what Remains after 
 Diwifjon being added to that Product) will be equal to the 
Dividend. 2 in the Fifth Example, where the Dividend is 
Tp; the Diuiſar is 5, the Quotient is 75, and the Remainder is 4. 

ſay, 75*5 2375, to to which add the Remainder 4, it will 

12 in the Sixth Example, the Divi- is 67, the Quotient 

and the Remainder is 38. 


65 36 1, and 1438 the Divi- 
Jo . 53567843757, and 43752 +3 =43789 


| "There are ſeveral uſeful Contraftions, both in Diviſion and 
' Multiplication, "which I have purpoſely omitted until I come to 
treat of Decimal Arithmetick. Alſo T have omitted the Bufineſs 
of Evolution or Extrafting of Roots, until further on; and fo 
ſhall conclude this Chapter with a few Examples of D 5 


Nr ms them for the Learner's Practice. 


579) 43800771 (75649; 
749) © 43900771 ( 37% = = 1 
= * : 45007) 


- 45007) 23884044718 (530674. -- RE N 
550078 2388 . .. 
359): 244572000 (687000. 7 30d - 
59 88 (967434. [1 nds 
T0000) 079543820000 —— . 
7 by — (35699. _ 1 


ir Addition a" Subtraction of Numibers if | 
9 Denominations, and how to eee them N | 
one Denomination to another. | 


SEC T. 1. , 
Sd Engliſh 1 TD. 


—— — 


As 


\ Fargh, 2 : 62 bath” 
| 4= 14 Fe. OO. SS is an Angel. 
48 12= 1. S. Shill, 8 6 3. 8 d. a Noble. 


g60=240=20=1 /. und Stirling. v9 13 5. 44. a 41 1. 5 


Note, When J. 5. d. g. are placed over (er to. the Ri 2b bnd 
7 Number, they denote choſe bers to * TR. 
hi 


— Pence, and Farthings. 


1 heb Or 351. 105. 614 Eicber of the 

do ſignif 35 Pounds, 10 Shillings,. 6 Pence, 2 Farthings. | 
- *Fhe muſt be — of all the followin ing, 2 | 
belonging to their __ "Tables, viz. Of n | 


ſures, &. 
e . Weight. 


The Original 4 118 uſed in Engle, Ds or 

e gathered out of Cermak hes 299 being ll 

dried, 32 of them wa op aky gas why WW 

Mag one Ounce, th and 12 Ounces Fer ound OY | by 
Lo on 151 He, III. 31 Ea. I 12 Hen, VII. 


20 E 


| being the leaſt Weight now i common Ute ; and from thee 
— Lani ado es 


 17560==240=12==1 Ib Pound. 


Beſides the common Divifons'of Troy Weight, 1 find in Ale 


— „ The P State of England, Printed in the Y 
3 3 do fd 


| 24 2 1 Perivt. 
* P eriats = — LI Draite. 


24 Drates = 1 Mite. 
20 Mites = 1 Grain, &c. a5 before... 


. Apothecaries Weights. 
| Ts ada * as in dis Table 


7 5760=288=96=12=7} Ib Troy, the ſame as before. 


By theſe Weights the Apothecaries compound their Medicines: 
| *but buy and ll their Dru e ee "Be 


4. Huerdupois Weight. 
| When Spades Weight became Grit in Uſe, — 
it was at firſt ſettled, I cannot ſind out im the Statute Books ; but on 
EC DEE I find | rd ſhould be but one Weight (and one 
og hi this Raum, viz. that of Troy, {Vide 
an 1 £2. II.) So that it ſeems ti me) to e firſt | 

by Chance, and ſettled 8 fram giving 
75 eilt to thb Canmeaer uſually weighed = 
loch av are U rate 


0 


18 23 
Introduced 
4 


- " * i 0 * 
+ - F 2 yu * wa * * * * * 
—— — Mer 


b — 
* 9 = 

TY . n a * k * 1 
N % 7 by 
p ny * S 4 W ar 1 TIED 5 —— 8 

? Ca F 
1 14 Sv 24 
eb 1 "BY —_ 
* 9233 — 


— —— ů — — — 
— . n— 4 


1 72 0 Fin kind. of G 


To theſe and the like een t thought e 
1 — Weight than the 1 kay 


1 er provided, 
nice Experiment, that ane Pond 4 1 od is Ac 7 * 
roy. And it is now 


* " 2 *. > 
„ * Y 8 

1 W 
_ 


very ſuby 
Pitch, 


— — 


Ounces, 11 Penny Weight, and 151 
Os ON in the W Table. 


3 "= JET 7 ee 
2277 1792 112 PT de, 
— Tom. Tun. 1 1 


8. Long Meaſure. 


ell dried, f them in bar ra 
oe the teft, as in this Table. 


1 wg: Neth=hof Hi 


22 one Tir 


1 Yard =1 BY 
2 Yardi=1 rale 


Jr n 4 ES 


\594= 1982 16 
23760 792 660= 220= 401 — | 
F Mile, 


de, That forty Poles Perches he) in Lag 2 ad tout Ve | E 
EN * T of 5 
— . . . * 
. 8 220 . nult E. 22 r 80 . 


\T rabfuions of the" Nich 4 
„ is = 12,8 Inches "Eng 
37 


1 
„ e oo Or tte wt 


# "Ip pa N e * 
= k 88 *. 


TEE. wo Saf he Nr DST Oe Some. ns of 
Hence, according to the Freb Account, the — 


| | 
of "the" Farth (pang be» tne oi! Few) | 
| 


"24599. Enghb Miles. 


10 


48 1 6. 'Of Liquid Meaſtres, 24th 1 1 
| 
All Meafures of Capacity "bath Liquid and Dry. were at firſt 
made from Troy Weight, Vide Statutes 9 H. III. 51 H. III. 12 | 
H. VII. & * . that eight Pyund Trey il eight, 
.of Wheat, gathered out of the middle of the Ear, and well dried, 
' ſhould make one Galla of Niue Meaſure : And that there ſhould 
| be but one Meaſure for Wine, Ale and Corn, t t this Realm, 
(Vid. Stat. 14 Ed. III. 15 Rich. II.) But Time and Cuſtom bath 
altered Meaſures, as they have done M eig bis (and perhaps for one 
and the fame Reaſon) for now we have ot different — 
viz, one ſor Mine, one for Ale or Beer, and one for Cory. ib 
y 


I, have inſerted Tables of each, as they, are now computed 
© Cubick Inches, and iſed in the Art of Gauging, Kc. 

P The common ine Gallon ſealed at Guild: Hell i London; by 
which all Mines, — Spirits, Strong waters, "Mead, 
Cyder, Vinegar, Oil, and Honey, &c. are meaſured and fold; 


f = ſuppoſed to contain 231 Cubick ich Inches, and from e 
"OE W IO. 7 


J ..-.-- 3 
4 EE 42= (= — 1 £1 
rr. Of] 
119404 — . — | 
29196=1268=3 N. =15=1 = Bute or Pipe, n 
; : 212=252=6 =4 = — 1 Tun. 3 


*, oo * 9 0 9 
% hg * - 
— 5 105 


5. 9 »- 2 


Ber Dr Widers in his Tess Pa tg eh ek 
the. Fine Galen dp contain but. B59 


cp. 3. of — 


Me und cer other 


fill it, that all then preſent were fully 

| doth contain but 224 Cubich Inches. (This notable Experiment I 
ſaw tried.) However, for ſeveral Reaſons, it was at that 4 
thought convenient to continue the formet 3 Content 
231 Cabick Inches to be the Wine Lame 6 and that 


E 
Hr 


from an 8 made | | 3 
Ganger in the Exciſe, about 4r Years ago, who, by ſuch a Veſſel 
mentioned before in the laſt Page , did find the Standard . Hart | 
ee Vid. py wok IT.) to contain juſt 704 Culicti 
y. the Mle-Gallon muſt contain 282 Cubict 
ſacks, and from tiene the following Tot are compute. | 


Ale-Meaſur 
5 \Cubich Inches | | 
282= 1 Collen, A Firkin of Saag and 
2256 8=1 l vn Ei 
4512=16=2=1 £ — 
ess Ford, 
— . — Hog fhead. - 
Beer Meaſure. 


—aBa==" 2 Gall. ws 
r 
SIS. 1 Bh. 
tot B 2 = Borel =1 Barrel 
=3=1 j=4 + 


* N. A. 


— — 


VV. S r 
Meofure, is now only uſed in Lenden. But in all other Places of 
the following Table of Baar or Ale, whether it be ſtrong 
- Og 


76 


Jae RS 
Wy” 9588=234=4=2=1 Daren =1 Barrel. | 
L Hepſbead, 


Dry Meafurt is a ent both — Wine and Me Meafare, be 
en it were a Mean betwixt both, tho" not exactly ſo; which 

pon Examination I find to be in proportion to the aforeſaid odd 
Standatd Wine Galln, as Auerdipeit Weight is to Troy Weight ; 
That in, As one Pound Troy is to one Pound Averdupeis, fo is the 
Cubick Inches contained in the old Wine Gallen : To the Cubick 
Hebes contained in the Dry or Corn Galln. 
. 12: 1433 ::1'224: 2724, which is very near to 2722, 
tie common received Content of a Corn Gallon : Altho” now it is 
otherwiſe ſettled by an Act of Parliament made in April 1697, 
the Words of that AA are theſe : 

" Foy round Buſhel with 4 plain 3 being made 
eighteen Inches and a half wide thraughout, and ei _ 
ſhould be eftcemed a Legal Wincheſter Buſhel, according to 
Standard in bis Majeſty's 2 

Now a Veſſel being thus made will contain 21 50, 42 Cubick 


Inches, (conſequently d K Gallen doth contain but 266 
Cubiat Taches. 


(Cub. Incher. : ©. 4 Buſbel=a Comb. 
1 268,8 12 Note, 10 1 and 
537, 22 Pak. ,12 NM L of Corn. 
= 


| 2150,4= 
[172034226483 — 


| T obſerved amongſt the Lead-Mines in Danses, df 1692) = 


that the Miner: dad tid their Lead Ore, by 1 


hich they called ; * 
S 


* 1 Breadch 4” * E 
. : 


— it's Content is 1073452 Cubick Inchis, which is 
9 according to tde abovemen- 


Nine of thoſe Diſhes ; call a Load of Ore, which if it be. 
pretty — produce e of Lead. 


I s. Of Time. 


| It is not an eaſ Thing to ve a true Doftition of Time ; for 
CON — Pee | 


nd hg 2 


—— 


yet 
bi can think on Time, 2 confe 7. 
e, in Motion or at 


And fo on, Vide Lacretias Book I. 


That is, Time only ſhews the Duration or Mutation of Things; 
a Year being the Standard or Integer, by which ſuch Continuance 
or Change is computed, And a Year is that Space of Time in 
which the Sun (apparently) compleats it's Revolution from any 
one Point in the Echptick (an imaginary Circle in the Heavens) 
do the ſame Point again, which, according to modern Obſervations, 
is performed in 365 Days, 5 Hours, 48 Minutes, 57 Seconds, 
21 Thirds, &c. But a Second being the leaft part of Time that 
can be truly meaſured by the Mation of any Mechanical Engine, 
as a Clock, &c. (a Third being lefs than the „ 
Ibegin the „ Table with Seconds. 


1 Seconds. | WY, 
EB 8 
7 360 - Gomi ® Hours. 
; $6400=> 1440= 24=1 Day. , 

— — Ht ilar, ad 
— — — 


But the common Year, vhally called the Julian Year, doth | 
conſiſt of 365 Days and 6 Fears, nd i divided into twelve 
Months, called Calanda Months, whoſe Names and 


unequal 
2 To. 


8 — a the ie 
Printed Anno 1702, and compared y 
Bl, ras by the Lord — ae oa aac 


Fg Wight. 
— mts {oP 


S, © a 
e 
2 3 


3 "= Weight bo TY 
11. 104 W 


1 
e . Pts. | 
0. ©, 0,912 
0. 3,648 
o, 7,296 
0 . 10,944 
1 95,888 
1. . 3,552 
3. - » 


hs. wha bf vi 10 Stadiume=sa Mile=\ 2432. 
i: „ Nia / | | 


7 * "i 2 
* _ 3 M 2 3 


ee denen compre . 


24 


> 


0. of 9.63 
[.0 , 3 . 10,8 
(93%; N 
2 „ 275 
4 » 35 5 

4 a 
5 Sofas 


* 

8 
. 
. 


2 
* Is 
e 2. Addition of 2 7 L 
"HE ing Table being ſo well underſiood, as that you can 
' readily: tell (without pauſing) how many Units of any one N- 


nemingaian, do make one of the next * uperior Denaminatien ( 
_ cially\ in Tables zvhich- are: moſt for yr Boſe) 
ee hap pany 35 22 as to add or. 


tract whole Numbers, due 2 being . 4 in placing all 
bers that are of one Denomination exactly underneath each 2 
That is to y, in An, place hogs undder Ponnds, Shillings 
under Shillings, Pence under Pence, &c. Underſtand the Ns 
in Weights and Meaſures, &c. according. to their mor Dens- 
— Then in Addition obſerve this Rule. 


RULE. 
* Alweys begin with ik ag of the info lt Denon 
nation, and add them ber into ane Sum, then 


many of the next Superior 1 Dt 
Som, ſo, mony Units you muft carry to the ſaid next Superior. De- 


wv” 


nomination 10 be S flapd 


there; and ti 

mination: 

Ei Example i 

1 e add 35 1. 145. 062. wy 2 1 025. 
. 10d. and 2 ny rol. 17 5. ogd. inita one 
Se ular Sum n 
- here. the . leaſt - Porn nh, 

x ts N * 


L 


ag. and 2 „ the, 5 I ſet down l. . . 
- underneath —— Saen e eary the 35 . 14 , 06 
A to the Place of Shillings, add: and 27 . 02, 10 
Call che * 54.13. 04 
48 4. uin. Ern 10 „ 17 0 
— own place of Shiliegd, nod © oct ————— 
27: to the Place of Pounds, adding 128. 08. og 
the Pounds together, I find their Sum is 128 U. 
conſequently the Total Sum required is 128 J. 85.054. 


o 
Now, for as much as it often happens in k 
* Feequnts, (and in other Buſineſs). that it 
large Sums of Money, conkfling of 30, 40, or more ſeveral 
ticular Sums, nay, perhaps a—_—_ up the whole length 'of a 
of Paper, I humbly conceive in thoſe Caſes the beſt and eaſieſt 
way will be to part them into Patcels, not « it 
"oe 12 Sams in each Parcel; t 
"all the Same of thoſe Parcels into one Sum, 
n 
25 n 
wy 8 Den 6 | 


&. 


a * 8 18 

Ded 1 0922 bs 1/408 0 1 =L FE . 1 

2 5 7 105 > e's: 1 pe hs 14 11 
9 5 51 3% % s 5 . 519 3 3 27, 15 


20 1 * h TE 'q — 80 9 85 
Bnanple 


715 e N. 


n 


Addition) and Take or Subtract the Figure (or Figu 


—— Weies, = 


les in Addition of Longs) 


4d 


Pe | 
| "Nail A. e's Pole Yards Fat 14. 


0 ' 0 . 7 Py 0 4 3 £ 1 % \ 10 
4 Nr * 2 iP 
Wo 1 * * 9 * L e a ah 
— — 


| 2 
182 q 3 WW Sum 4 „ „ +». 8. 5 


1 think i needleſs to: ſer down-more of this kind, 
for if theſe 5 FO ale ns 
be ſufficient to wats Gacuens — 
IS 


SR. 3 | Subtract! on of Weights, yy 


traction is but the Converſe of the precedent Wotk, al 
os Bus — 2 " Rab - 
Burn wiah the Lowe? or Lond Davominetion © before + 
in that 
th: $ubtrahend; the Figure (or r t and 
— — the ſam⸗ — — ; ſetting dum the — — 
(as is Page 12.) — ie 0 hes go you muſt in- 
E creafe the-upper Figure igures) with one of next Superior 
Denomination, aud from - that Sum make Subtraction; * 
| Proceed to the next Superior Denomination, where you muſt pay the 
one borrowed, by adding Unity to the Subtrahend i in that place, & 
2 in whole Numbers. 


Examples in Coin. 

SY ER WY. A J. & i 

From 386. 09 . os From 569 . 10. 06 

Tale 173 . 04 . 06 Subtr. 389 is os 
= RED — | —— — — 

aui 213 . Og , 02 179 . 14. 10 


IT be Firſt of theſe Examples is ſelf-evident. In the Second 
Example, beginning at the place of Pence (being here the Leaſt 
 Dienominatiatty I am to take 8 4. from 64. but becauſe that 
cannot be done, I muſt (according to the Ruls) borrow. one of 
the next Denomination," viz. 1 6. and add it to the 6 d. which 
makes it 18 d. (for 1 . 1 2 d. and 124+64.=184. then I 
a 8d. from chat 18 d. and there reniaine. 10 d. to be (et 
underneath the place of Pence; that done, I proceed te 
| 21 where I muſt now pay the 1 5. ſaying 
f " borrowed and 7 oY INE EE FE Vs, =P 


42 A FL 

- — — 
16 from 30 bd Wen remains 54. That i, I borrow ane of the 
next Denomination, vin. 1 J. and add to it the 10 3. which 
makes it 30s, for 1 L=205. and 205. 10==30) haying ſet down 
the Remaining 14.5. .underneath it's own place of Shillingi, I pro- 
cerd to the place of Pounds, where paying the 1 /. borrowed, it 
will be 1 borrowed and 9 is 10 from 9 cannot be, 0 — 
ea and ſo on as in whole Numbers until all 
be Gniſhed ; and the Remainder will be 179 l. 145. 10 0. 
| This Exenple being a lite conſidered will render all others it 
this Rule eaſy. 


„ 


4 
W. ²˙—rüZI dl... 0. 


| Frimy: 7% 6 18 n 
Take 5 9 18 Ä 14 23 


. ; . » | 


2 . 2. 24 ? 14 


miles fur. pul. 1 for . 
22, 3 546 44 Fenn 
Tea — 4 to: . 


W * 3 Tr 


* | Wit 4 4 . 4 „ 10 (4-088 . — 4 . + ö 0 1% 
| Ks | Example in d. Oe IE 

| From 27 . 18 . 35 _— 

3 | 1 | | Subtrat wb o 21 = 4 - % 

3 * 25 * 


—— 
o 


- "Remains 10 , 20 48 45 
Tie Proof of Addition aid dreien the liste f di 


bers in Page 13. I ſhall 3 refer you | to 
; 6 A 1 


nl 
8 
18 


R e 3 
into one Denommation.. - 


1 That is, it alters or changes Superior Daten pro- 
4 * ie e -Inferior or E 
* 6 8 8 = ; — | | | * | 


l — them — in Value. And by that means they 

become fitly prepared for cation and Divi Tt 
other wiſe could not ſo conveniently be performed. berefobs 
Buſineſs of Reduction is very uſeful” in the Rule of Proportion, 
(commonly called the Golden Rule, or Rule of Three) eſpecially 

' to thoſe whodo not underſtand either Pulgar or Decimal — * 
And it is thus performed. 


NU k. 8 
| Conſider how mam Units of the Denomination Required, 
ene of that Denomination ed to be Reduced (which is eafily ©, 
: K. by it's reſpeftive Table) 4 with that Number of Units, 


Multiply the Denomination propoſed, and thiir Product will be the 
' Number Required. 
Example in Coin. 


Let it be Required to Reduce or Change 357 l. into Shillingr, 
and thoſe Shillings into Pence, which ſhall ſtill be equal in value 
with the 357 /. 


ITT = | 
a with 20 be Shilling 2 it Prins. | 
Tr 7140= th Shilling in 3571. 
Muliph with Bo the Pence i in one Shilling. 


mal. 


1428 
2 


/ 


35680=the Pence in 357 L. a8 was Required. - 
Or 3571. map be reduced into * at one 7 
hus, | 


r 
Multiply with 25 the Pence contained in one Pound. 
| 1428 
714 


85680=the Pence i in 3571. as before. 


rn | ö 
Denominations, and it is required to bring them all to the Loweſt ; 4 
you muſt Reduce the. or Denomination to the 4 
next leſs, Adding the Numbers that are of that leſs Denommation 
pa ; then Reduce their Sum to the next lower; Denominatign, 
all the Numbers that are of that / 


eee e 


9.44 


EXAMPLE. "7 


2 „ „ ** * _— <_— 


* 
Arithinetick. ; 
© NY 


Let it be 


- 


—E XAMP L = <> Bn 


ired to Reduce 37 en 
„1 into Farthings. . 6 36 into one 


3751. 174 104, 3g. 
20 | 


— 


— Shillings i in 375 1 


* 1 178. 


75 17==the Shilling i in 3754 7%. 
7 W 

$5034 = | 5 

7517 | 2 


—————— 


g0204=the Pence i in 104 17 6 


＋ 109d. 


| go214=the Pence in 151. 10 d. 


4 


3608 f 6 the Forthings in $75. J. 17 s. 10 d. 
. 


9 * 


ta 


3608 59 Farth. 23751. 175. 104 — required. 
2 Work of this ＋ an and all other x of 2 


reer 
20 Multiph and Add in the 17 1. 
9 
7517 
"Bd Multiph and lune 
| 15034 
7517 | 
9021“ 5 
ue nd dun he 30% 


260859 the Farthings as before. 
| Example in Troy Wagbt. 
Required to Reduce eee. 
l nee, | 
Thu, 


Chap. 3. 
Tubus 29 B. 80x; 18 pr. 21 gr 
Multiply with 12 the os. in 1h, and addin the Box, 
© = ol 
29 
| | n in 29 ll. 8 ox. 
 Multiph with 20 the puts, in 10x. and ed in th 18 pt, 


7138 = the pts in 29 1b. 8 c. 18 ht. 
Multiph with 24 the grs. in 1 pur. handed 


| 28553 
14278 


171333 the Err = 29h. 8 oz, 18 prot. 21 grs. 


Theſe two Examples at large being well underſtood, m ſuf- 
fice to ſhew how all Operations of this kind — 1 ei- 
ther in Weights, Meaſures, or Time. I ſhall only inſert a rw 
Examples of each ſort for the Learner's Practice. 
1. In 23C. 3grs. 215. ger. Averdupois Weight; How 
many Ounces ? Anſw. 42905 Ounces. | 
2. In 252 Eng. Miles, How many Yards, Feet, and Inches ? 
_— 443520 yds. = 1330560 feet = 15966720 mnches, 
. In 1692 common Years, How many Days, Hours, and 
] Minutes ? Anſw. 618003 days, 14832072 hours, 889924320 
minutes, 
Mete, a common Year = 365 Days, 6 Hours, ſee Page 37. 

4. In 5786 Pounds, 17 Shillings, 9 Pence, Sterling; How ma- 
ny Shillings, Pence, and Farthings ? Anſw. 115737 . 1388853 d. 
or 5555412 farthin 4 That is, 5786 J. 178. 9 d. =115737 5. 
9d. = 1388853 d. 

The next thing will V to.ſhew how to bring Numbers from a 
leſſer to a greater Denomination, which by moſt Authors is cal- 


led (cho very 3 


L 
Pp - 


Reduction ik. 
» This Work the Conyerſe of the laſt, and is performed by 
„ 
: RULE. HE 
kee how e of the Denomination ad make one of the 


equired, and make that Nu your Diviſor, by 
which divide the Denomination prope; and the Quoticnt will be 


2 — EXAMPLE: 


5 — 


1 * 
— — ꝶTVT“T— — — — og rt —— 45 4d — — Sg,» — . „„ gn” 01 qt. —_—_ 
- 


3  -Avieymietle Part 1. 


C "EF RE "Rr n N — — Wr 
4 * 


EXAMPLE. 

Let it be required wo ind den many zur, and Pound are 
eontained in 8 5680 Pence. 

The Pence in 1 f. are 12) 85680 (7140s. = 85680 4. 

—_——— in 1/. are 20)7140(357 U the-Anſwer re- 


ired.. 
* Another Example in Coin. | 
How many Pence, Shillings, and * are contained | in 


264859 Farthings, _ 
Jl 20) | 
4) 264859 (662144.(5517 5. (2751. 
FEE 
„ 
1 — 
2 „ 
r * 
keen, U == {Not the Remainder is always of the fame 
Denomination with the Dividend. _ 
Tbe laſt Duotrent 275 l. together with the ſeveral Remainders 
give the Anſwer required. 
3 Vis. Er 10 d. 37 264839 Farthings. 
GC. | 


| Example in Troy Weight. 
ed were required to find . Ox. and Ihe 
are contained 1 in 171333 Grains. 


- 420) © wats) 
171333 gr. (7138 pw. (356 (29. 
1 1 
5 3 
24 —— 108 
— „ 
93 | (8) e. 
1 
d ber i 0 | * 
7 | 192 | g 8 L | Goa 
Nemaint (ien. 3 13 3 
. 3 ** 18 ere Tb ad te 1 E. 
eee ep tein Pugs 3 S. 0 Fn * 


f. In 4: 05 Ounces *** 1 
r — b Thus 


2 


_ ä —N2mDNU—ñ—4—!ßũ —— 


n 4) 
Thus 16) 42905 .(268rÞ.” (95.grs. (23 C. 


192 263, 5 
130 161 (3) 
r 
(9) (a1) Anſw. 23 0. 3 fr.. 1 9 . 
2. In => 6: Inches ; How many Egli Miles, &c. 
Anſw. 25 2 Miles, &c. as occaſion requires. u 


There are many uſeful Queſtions may be anſwered by ths help 
of Reduction only: As the changing one ſort of Coin for another; 
and comparing one fort of Meaſure with another, Sc. 
For Inſtance: Suppoſe one had 347 Rixdellars, at 4 5-64. 
Dollar ; * deſired to know how * Fan ring. — 
347 


_ $f tho Pans i an Dal ws. 15 = 
17338 | | 4 
0) 
12) 18738 4. (15615, (781 
—— 161 | 


— — 


2 A, 
18 


ee 
Aubin 781. 15. 6d. Sterl. are = 347 — 


weſt. 2. In 645 Flemiſh Ells; How many Ells E nelih ? WE 
ote, 3 Quarters of a Yard En gliſb abs one Ell Elam and 
n is an Enghfs Eil. IM LY 
"I heretore, 645 


; * is * 2 » SL 4 13 4 * 


- 


14, or 


= the gui. ofa Yard in 1 Ell Flemiſh, 


uin 3 El=5) 1935 1935 (387 4% Ells for the Anſwer. 
Dueft. 3. Suppo ill of Exchange were accepted at London. 
_ for the Payment en ſor the Value delivered at Amfer- 


dam in Flemſb Money at 1 l. 13 f. 64. for. x Pound n 
much Flemiſh Money was delivered at Amfterdam ? 


Al J 135. 94 = 402 d. the. Value ef one Pound Sterl. 


at Amfterdam. 

wat" = 670 4 Flami, and ſo 
mach ied at dam. f 
e - CHAP. 


-\ Then; 402 d. x 400.= 


c HA IV. 


07 Unigar Fractions, 


Set. 1. Of Rotation. 


A Frozen, of Mie Namber, is that which 
or Parts of any thing propoſed, 3 


repreſents a Pari 
and is expreſ- 


fed by two Numbers placed one above the other th a Line drawn 
3 ; 1 1 8 
mw 13 Numerater, 
Thus, 142 


- "The Denominator, or Number underneath the Line, 
denotes how many equal Parts the thing is ſuppoſed to be divided 
into (being only the in Diviſion). And the Numerator, 


| a ons pact ahve he Lien ſhews how of thoſe 
Parts are contained in the Fraction (it being the Remainder after 
Diviſion). (See Page 29.) And theſe admit of three DiftinQtions : 


has 3 
Viz. , 12 | 
Compound 3 56 
A proper, re, or Simple Fradtion, is that which is les chan 
an Unit. Tos is, it repreſents the immediate Patt or Parts of 
any thing leſs than the whole, and therefore it's Numerator * 
ways leſs than the Denowinator. | 
+ is one Fourth Part A 
fz one 5 Part 4 J 5 , Ke. 
| An Improper Fractim is that which is greater than an Unit, 
That is, it repreſents ſome Number of Parts greatet than the 
whole thing; n is always — than the De- 


nominator. 
As + or g or *} dec. 


— a Pre of a Pr, contig of fv | 
ord [of 
- 2 Se. ant xo this red; Theat Thed of th 


of the wu Fifths of an Unit. 
WA is bett diride into 


thing) - 
— . 
2 * ſubdivided 


6„„6＋“öÿ i - * 


9 4 2 


= = — . 
ſubdivided into ther Parts, and & on: Tbei thoſelald Parti aße ; 
called C Nadia, orofirattionr of ifrattions.r oo 15 yh! 

As for inftance, ſuppoſe & Pound Sterling {or :20 .) be the Unit 
or Wholez then is Bi. the $' of its and 6 5. the 4 of thoſe two 
Fifths, and 2. is the 5 of thoſe. thees Fourthd x: win./2 5. 28H: of 
+ of i of one Pound Sterling! 
ee eee * 

„ ee. 30 
all the Numerators inst 
and all the Denominators inte one avdtber for 
2 Thus the & of 4 of f will beende 
For 1 x. 3 x 2=6 the Numergtor, and 3 « 4 52360 the Das 
* — 2. Ae, 1 


N R —_ r 
— 


* W — 
— 


ws. 3 * 
* Denomination retaining the ſame Value. * 


: 


JN neder toi » dive Uses ding of chis Sefton, it will 
Li Kere to pron this Pri viz. If i Niimber 
. two Numbers produce other 38 the Nur 
e hall be in the ſame Proportion that the'Nu 

ay cap ig 17 1 


IT 


1 Er is to ſay e Deer a 
Frattion be ally — into any Number, their Produss 
TOY the * with _—_ _ 5 


Fre Gan DER * e 

Whole or Unit. 
how two 
— Ea — r be e 
d f late ds 


$a . 
Fraftions that ſhall have one common and yet. te- 


tain-the ſame Vale. -- r 
Acconding to the foregoing Propoſ ropolition, oi Ike cqually tnultigi- 
D n vit, bur Abu, if b. 


er 12 
1434 * i 4 R 


| with 3. 01 TMP Silk 4 301. vi. 23. 2. 
p . pp r n e 
* | And 4 


8 14 


RRR 


6 And by this ends Þhave obtaidedawo ne ade Land F 
that are of one Dlhbomiination,/andiof the ſame Value ieh dhe 
fie propoled,: r =iband e eee eee wok 2 
nd from hence doth atiſe the general Rule for b all 
— s ee bas „ant 

| R U L Kira % bo x: a 
all minators” iam a arber | for g'new (and 
common) — 40S Aud aach Numerator Inte all the Deno- 
| e MSR ag. 
L Ferafiog'be $6455, M drr 
0 1 by the Nule, err hc 
| Aug: ts We, Numer wilt” 
4 N % +7 be * Wine 
# | ki os I» 1 
MESS 8 2 l . — 2 


— * 

dud 306001 he D 2 ey 5 185 

DSS * KG « wi —* Sou! IH 2 K 
85 NN » 3 08 

; tw N 4 1 Wo eee U UM x : 22 WN 


8 0 — 2 Hark. 


, 2 10 


r 


_ 9 = 


© T 


3 28 4 
1 
We 9 
Mage 266.8 . { 
1 12 Foe [Ora 4 a 
| CHD: ©” = aan * 18 ee” „ an 


— . 


mo 


8 & — ae = 
eee 4 een a. aus \/ 
2 — 


5  Niimberi are brought i er Hasle the 
3 Int NR. 


Nüle in Pro bo. 
AATINGS -"R* U L E. nr n 651111 bagns:- 
Multiply the Integers, er whole Numbers „i- Denoci 
467 4 e wid js thei Pridu8*add = 
Tinh eee 42 ide Frafitn 2 — ae 


I 5 2. 4 2 ang os. requires . be 
> I findthe no caQion giy N 
e of this Ns M2 PM 1 e ade 


Al 


Feen mbar wf 1 FEET. 

give 9 f. d if 200 5 by 15, it ne 
offiefars? of "any Faproper FraRtion $3 dieided By 48! 

5 1 the Quatient will d diſcover the Ark 


YET 10 


3 =5. And: rl And 17. =6 £=34 
"whole 2 Pi, 


vey 


TIE. 3c; Gy Þi E 68; Mr PL K 8 + 1588967 T 52mg) » Ay © 


When 0 ate ta be Denon Fation=wif py 
Y © ing IS e a ; nn Thus $ 45 * 
1 * — N lf — WHY e ee e 1. d 17. dent 


their Loweſt or Leaf Denomination. : 


awer of Nene is ME nog Kees Wen bak 


ed. "of © abbrebtate er Redute Fractions into 


T HIS'is done, not bub ef any beceſfty; but Vr We more con- 


venient managing of ſuc Hagia as are either propoſed in 
large terms; or ſwell into ſuch, either by Addition or otherwiſe: 


beſides it is ned like an Artiſt to expreſs or ſet down all Frafions 
in cheloweff Terms poffible;"and to perform e ot be ne- 


— INT ol 
HI Wies. - %h e e A7 WY» 07 "AT Dei. 1 
r | | v7 E 

Nur W. mann Won r! rb d v7: 


142 
an Unit. Euclid 7. Defin. 11. * 
That is, 3, 5, 7, 11, 13, 1 Se. n 
Numbers, becauſe it is not poſſible to divide them into equal 
Parts by any other Number but Unity or 1. 

2. Numbers Prime the che t the other, are ſuch as only an 
voy doth meaſure, | being their common Meaſure. — 
enn. 12. 


9 they cannot be divided by any Number hut an Unit. 
And 9 and, 14 are allo, Prime Numbers to each other, for altho- 
3 will meaſure, or divide, 9 


3 will not meaſure, 14 without leaving a 


Ide Nutmiber is ehipwhith! dag aal be meaſured by. 
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or _inflance, 7 and 13 be eee de · 


without leaving a Reps yet 


5 Again, 
altho 2 will meaſure 14 without any 3 yet 2 ; will not 
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meaſure. 9. without leaving a Remainder, &c. - 
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3 hath been done the Rules in this Chapter, is chiefly 
w Ne of different Denominations for 

Addition or SubtraFiom, as Occaſion requires, viz. If they : = 
Compound Ha, they muſt be reduced 2 


it be to add 3, 2, and) 0 Fi =. 
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Section 3, 18155, viz. 32 21 78. bye * 
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— 60 nddis 0 7, cheſe per Bett. 3. will be 47 and g. 

4 But n and 42+ will become #2 and 71 per Seft. 2. Then 5f 4-44 =" 
, and = $13 > 5, ths. Sci cel. LA 
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EXAMPLE. 7 hy 

Let it be rec required to übten F of 3 of 5 from 7. oo 
Firſt, ; of $ot = rr 78286128. 3 222 | 
Then en 6123 "2 = 5 =0HE7—; "of 3 of 3. Aswas 


ee Zxamplr be well underſtood; the whole Bok 
of adding and ſubtracting Vulgar Fraftions will be eafy; Which 
is really much more difficult to perform than ,cither 5 
IN: e eee Sein 5 
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| See. 7. - Pultplicatio f Frictions, 


I N * to perform either Multiplication or Diviſion, you muſt 
prepare the Terms to be multiplied (or divided) thus; teduce 
Compound Fractions to Simple ones, per Sect. 1. Being mixed 
Numbers into * * — 92 s'whole Numbers 
Fractian-wiſe, per Cect. 3. it w convenient to abhre- 
| 1 them to their ſmalleſt Terms, when it can b you. Then 
Multiplication may be thus performed. 3 

Multiply the Numerators one into ancther _ a new 29 
Rule. Ur. and and the Denominators — 4 new | 
Denominator. As m theſe va | 


EXAMPLES. 


® CC 0 1 - : 
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. The Produ8t of 2 3 imo =. That is 
+ An Prod & mw 17 = 111 Or wy 


. Fe the Product of 2, into 2 of } = =S: Or f. _— 
For 4 of $ = 33. e = = 9 25 
Let it be required to tiply 6 with 3 f. | Theſe prepared h 


| 4- 
| the Work will ſtand thus. T4 | 
| _— — Px e 9%, or 20. % 5 


Or, otherwiſe thus 6 x 3 = 18. "And 3 x-6=P =25. 
"Then 18+23 = 204. before. 
. Let it be required t> 7 wich 5 . 

. and 5 $== 47 eien 


Low " the, Reaſon of this Re for 'Multip i yipg of Fradigns, 
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Leben wiz. 0 ( (95 = 3 the Quotine, 


That is, . — 
1 105, er c. as above. 


. Let it be requ re BOP 


Por « 
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Feb, 2 = 18. 2 907 ide 178 _ 0A 
1 Let 20 + be divided by 33 ; wit. 32% 
For , and 3=47. e 


new Numerator, and 
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f 1 2 
12 9 


- Let it be required to divide 4 40 39 by 53. Pf 
E ee r dur. 
WM Quotient required. | 1 0 
Suppoſe it were required to divide 15, a 10 © 
COSTS — Us 
| Jedi bo requized.to dinide 3 N . wt vt 
Ta. ü : drogh 2 : 


NB. 1 2 $- . 


"As to the Reoſon (or Proef) of this Rule for dividing Proc: 


It is only the Conver, to that of Afultiplication, and will be very 
evident from this followin 


Let 4 be divided 755 . Which according to the Rule is 
thus, 2) & (= 4. The true Quotient. Now #2 = 8. And 
2 = 2. per Se. 3. Conſequently divided by + is but the 
ſame with 8 divided by 2. wiz. 2.) 8 (4. The Quotient as 
before. 

I could have inferted Cantetrical — for the Rules 
of Multiplication and Diviſion of Fraftions; but ſuppoſing the 
Learner purely unacquainted with thoſe kind of Demonſtrations, 
I thought theſe might be more incelligible © __. eſpecially in 


— 


CHAP.” v. 20 
Of Decimal Fractions. 
Wk or by whom, this excellent Invention of Decitmil 


JE. we introduced is uncertain ; but doubtleſs 
the Perfeftions it is now in, 9 - 


Seck. . Of Notation. 


I N Ries Frattions, the Integer or whole Thing (whether | it 
© be Coin, Weight, Meaſure, or Time, &c.) is ſuppoſed to be 
divided ingo Ten equal Parts ; and every one of thoſe Ten Parts | 
are ſuppoſed to be ſubdivided into other Ten equal Paris, &c. ad 
2 
The Integer = thus divided (by Imagination) into 10, 100, 
1000, 10000, c. equal Parts, becomes the Denominater to the 
Decimal FraZions. 


„„  ofo- we re wit Ce. 


| Now theſe Denominaters are ſeldom or never ſet down, but 
only the Numerators; and thoſe are either diſtinguiſhed, or r 
rated from whole Numbers by a Point, or a Comma. 


Th, 5,4 is 5 f. and 0,7 is fw. 35,05 is 35 e, Qt. 


But before we proceed further in Notation, it will be conven» 
ent for the Learner to conſider the following "Table, (taken out of 
the learned Mr Oughtred's Clavis Mathematica) which ſhews the 
very Foundation of Decimal 8 — 


- 


9 


l Nambers, Decimal Parts. 
1 — * — 
54321 1 23 456 
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| By this Table it is oc Fe as in the whole Numbers or Inte- 
gers, every Degree from the Units Place increaſes towards the 
left-hand by a Ten- fold Proportion: So in Decimal Parts every 

| Degree is decreaſed towards the right-hand by the fame Propor- 

tion, viz. by Tens. 
|  - -"Pherefore theſe Decimal Parts or Friietivns, are really more 
Hemageneal, or agreeing with whole Numbers, than Vulgur Frac- 
Hons ; for indeed all plain Numbers are in effect but Decimal Parts 
one to another. 
That is, ſuppoſe any Series of equal Numbers, as 444, 05 
The firſt 4 towards the Left is Ten times the Value of the 4 
the middle, and that 4 in the middle is Ten times the Vaks of 
the laſt 4 to the Right of it, and but the Tenth Part of that 4 
on the Left, Cc. | 

' "Therefore all or any of them may be taken either as Integer, 
or Parts of an Integer: If Integers, 35 they muſt be ſet down - 
without any Comma or ſeparating Paint betwixt them thus, 444. 
But if Integers, and one Part or Fraction, put a Comma betwixt 
them thus, 44,4 Which ſignifies 44 whole /umbers, and 4 Tenths 
of an Unit: Again, if two Places of Parts be required, ſeparate 
them with a Comma thus, 4, 4:44 viz. 4 Units, and 44 bundred 
Ports of an Unit, &c. 

From hence (duly ON with the Table) i it will be eaſy to 


conceive that Decimal Parts take their from the 
Place of their laſt Fr, ure. . 
e AE *% OI e. 
Tas 3050 == © 
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Cyphers annexed to Decimal Parts, alter not their Value. As 
„5, ,500, or ,5000, Cc. are each but 5 Tenths of an Unit, 
For Ss = 1p And ; ron IE = Or 4295 dess = t · Per Sect. 4. | 
of the laſt Chapter. 

But Cyphers prefixed to Decimal Parts decteaſe their Value, by 
removing them further from the Comma. 


,005 = 5 Parts 9 
,0005 = 5 Parts of Ten ſand, * 
Conſequently the true Value of all Decimal Parts are known by 


their Diſtance from the Units Place; the which being or once rightly 
underſtood, the reft will 12 _— | 


2: 6 = 5 Taald Forts. 
Thus, 05 = 5 Parts of a Hundred, 


— 


Sect. 2. addition and ,d Subtraction of Dermal 


IN ſetting down the propoſed Numbers to be added, or ſub- 
I tracted, great care muſt be taken in placing every Figure di- 
realy underneath thoſe of the ſame Value, whether they be mixed 
Numbers, or pure Decimal Parts, and to perform that you muſt 
have a due regard to the Comma's, or ſeparating Points, which 
ought always to ſtand in a direct Line one under another; and to 
the Right-hand of them carefully place the Decimal Parts, "accord- 
ing to their reſpective Values, or Diſtances from Unity. Then 
| 125 er ſubtra#t them, as if they were all whole Numbers 3 
Rule 


and from their Sum, or Difference, cut off ſo many Decimal 
Parts as are the moſt in any of the given Numbers. 


EXAMPLES in Addition. 


Let it be required to find the Sum of theſe following Numbers, 
viz. 34,5 + 65,3 + _ + 95 + 87,8 +729, which being 
truly placed, will ſtand 
| „ 
65,3 
128,7 
95,0 
87,8 
79 


— — — 


Their Sum vie, 119, | 
"PAT: SR EXAMPLE 


6 ©  Ariehinetick. 


EXAMPLE 2:. 


Let it be required © find the Sum of +51854+34,578-+9,076 
A3, 907. 


25,854 
34.578 
9,076 
3.907 


83,415 The "rs required. 


When the Decimal Parts propoſed to be added (or ſubtraQted) | 


have not the ſame Number of Places, you may for convenience 


of Operation ſupply or fill up the void Places, by annexing Cy- 
phers. As in theſe Examples. 


EXAMPLE z. EXAMPLE 4. EXAMPLE 5. 


| 45,0700 74,07 8953 = 0,975642 
50,7580 95.796430 5745257 
123,07 78, 5 4600 ,000598 
74,7020 54.7 89000 „ οοοõẽjg 
24, 8000 8,900000 „56405 30 
318,3357 Sum 812, 218983 35162727 


EXAMPLES in Subtraction. 


Let it be required to find the Difference between 45,37 5 and 
4,234. 
7 "EXAMPLE 1. EXAMPLE 2. EXAMPLE 3. 


Take 45,375 Take 89,657 Take 574875 


— 


Remains 28,909 "ans | 8 777284 
ee & & F & 299 


11 it be required to find the Exceſs between 562 and 25.5754. 


EXAMPLE 4 EXAMPLE 5. 
That is From 562, From 345,7578 
Take 93,5784 Ta * 17. 
The Exceſs 468, _ 188 17578 


Note, The two laſt Examples are fuppoſed to be ſupplied wo 


Cyphers, which if actually done would ſtand thus, 


| $63,0000 | „ 
93,5784 157, 0 % | 
ꝶꝙ6L:a —— 


Remains 468,4216 As before, 183,578 


Part I. 
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EXAMPLE 6. OT EXAMPLE 7. 
From 0,547893 From 1, o 
Take ©,439758 Take 9,997 543 
o, 10813 5 | | 0,002457 


The Proof of Addition and Subtraction in Decimals, is the 
ſame with that of whole „ page 13, me | 


— on 97 ts. 


will the Factors or Numbers to be multiplied are 
pure Decimals, or mixed. Multiply them as if they were all 
whole Numbers, and for the true Value of their Product obſerve this 


Cut off (viz. ſeparate with a Comma) ſo many Places of 
: Ru le. | Drindl? Parts in the Produft, as there are in both the Fac- 
5 tors accounted ” As in theſe. | 


EXAMPLE 1, EXAMPLE 2. 
— | 32,12 
We bf | _ 2433 
90 72 2626 
6048 TN 128 48 
6 048 668 4 
6 5743 | 780, 61 6 % 


The Reaſon 1. fuch a ** of Decimal Parts muſt be cut 
off in the Product, may be eaſily deduced from theſe Examples. 
In Example 1. It is evident, that 3, the whole Number in the 
Multiplicand, being multiplied with 2, the whole Number in the 
Multiplier; can produce but 6 (viz. 3 x 2 = 6). So that of ne- 
ceflity all the other Figures in the Product muſt be Decimal Parts; 
according as the Rule Aires. 

Or, the Rule is evident from the Multiplication of whole Num- 


bers only: Thus, ſuppoſe 3000 were to be multiplied with 200, 


_ Product will be 600000 ; That is, there will be ſo many 

| phers in the ProduR, as are in both the FaQtors, (Vide page 1.) 

| N if, inſtead of thoſe Cyphers in the Factors, we ſuppoſe the 
like Number of Decimal — then it follows, that there ought 

to be the ſame Number of Decimal Parts in the Product, as there 
were Cyphers in the Factor 
Again, the Rule _— otherwiſe made evident from 


Voulgar Fraftions, thus; Let $2212 be mukiplied with 2 


; | 
* 

7 l 7 0 

8 — - — — , 


and « their product will be 780,516 as in Exa 


+ 25 above. | 
Now 32, 12 32 . and 24,3 = 2418. which being brought. 
into Improper * (per Sect. 3. page 50.) will become 

43 3 12 2 . and 24 1 = 8. 

Then Re x 78 = 233533. per Sect. 7. page 55. 
But 235418 — 780 my VIZ. 780,516, as before. 


Any of theſe three Ways do, I preſume, ſufficiently prove. the 
Truth of the aboveſaid Rule, Oc. 


EXAMPLE 3, EXAMPLE 4. 
78,546 1 5745 
MR © 50675 
0 471276 28725 
235638 40215 
. 34470 
| 34246,056 38747875 


N. B. . ſometimes falls out in multiphing Parts with Parts, 
that there will not be ſo many Figures in the Product, as there ought 
10 be places of Decimal Parts by the Rule: In that Caſe you muſt 
225 their 2 by prefixing Cyphers to the Product: v as in theſe. 


” 
EXAMPLE ;. EXAMPLE 6. 
HE = 30347 
52435 „0236 
11825 | 2082 
7095 1041 
9460 694 
—_ —— — 
3 5 001892 5 
105758775 


| When any OY Number of Devigwls 1 is to be multiplied 
with 10. 100. 1000 . 10000, c. Tt is only removing the 
ſeparating Point in the Multiplicand, ſo many places towards the 
Riglit-hand, as there are Cyphers in the Multiplier. 


Thus, ,578-x 10= 5,78. And, 4578 x 100 = 57,8, 
2578 x 1009 25 578, * 2578 x 19099 2 5780, 
Theſe 


— 


6g 


Chap. 5. " of Dermal Fractions 


| Theſe things being conſidered, it will be eaſy to multiply 
Decimals, and determine their true Produdts. As in des fllow- 


ing Examples. 


$7,056 multiplied i into 0,578 will produce 3 
6543 into 5, 4246 will produce 41, 52181578 
, 56879 x 0,05674 = 0,0322731446 
, o3246 x o, 02364 = 0,0007672544 
87649 x o, 03687 = 3231,61863_ 
94935786 x 6,57869 = 620,7511100034 
3,1441592 x 32,7438 = „nnn 296 


Now it oftentimes happens, that it will be needleſs to mb 
all the Figures of the Product at large, (eſpecially, when the 
Factors have each of them many places of LE Parts, as in 
the two laſt Examples) only ſo many of them as may ſuffice for 
the intended Deſign; and yet the Product may be as true to fo 
many Figures as are retained, as if the Factors had been multi- 
plied at large. And ſuch compendious Contractions are nor 
only of Curioſity, but may alſo be found of great Eaſe and Uſe to 
the ingenious Practitioner; eſpecially in refolving adſected Equa- 
tions, or in calculating of T rigonometrical Problems by the Na- 
tural Si nes and Tangents, &c. All which may be thus performed. 

Viz. Ser the Unit's Place of the Multiplier directly underneath thar 
Figure of the Multiplicand, whoſe Place you intend to keep in the 
| Produft ; and place all the other Figures of the ier in 4 quite 
_ contrary Order to the wſual way. Then in multiphing always begin 
at that Figure of the Multiplicand which flands over the Figare 
wherewith you are then a multiplying, Jottong down the firſt Figure 
of each particular Product, direftl underneath one another; yet 
_ you maff have a due Regard to the Increaſe + which would arife | 

"the two next Figures to the —— that Heure in ibe 
phcand * you then begin with 


EXAMPLE. 


e required to multiply 3,141 592 with 327438, and * 
only four Places of Decimal Parts retained in the. 


* the propoſed Numbers were to be multiplied at large, 
muſt fand in a dire Order as uſual. 5 toy 
3,141592 And would produce ten Places of 
1 hay 1 32,7438 Parts, as int the laſt Example. 0 


————— =, F 
But 


{WE — SENT 
But . it is —— to bave only four Places of thoſe F Parts 
in the Produ, fe them down as before directed, and they will 


Thus 32141592 The Multiplicand placed as before. 
8347,25 The Multiplier in a reverſe Order. 
1570796] The Product with 5, regard had to 5 times 2. 
62832] The Product with 2, increaſed with 9g x 2. 
21991] Product with 7, increaſed with 5 x 7+9 x 7. 
1257] Product with 4, increaſed with 1 x 445 x 4. 

Product with 3, increaſed with 4 x 3. | 
25 Product with 8, increaſed with 4 x 8+1 1 


165,995 The true Produẽt as was required. 
ED The Reaſon of this.ContraQion is very obviows from the 
whole Operation wrought at large. DE 


35141592 
Thus 822748 | 


From hence it is evident, that all the Fi- 
gures in the Square to the Night- hand, are 
wholly omittad in the former Contraftion; and 
| that the loft fongle Product bere, is the ff 
there ; conſequently the Reaſon of placing the 
Multiplier in @ reverſe Order — 
xm 


_—__ * 


6g Jord 


Suppoſe it were nuke to multiply 257356 with 76,48 and 
to hare only the entre Produtt of Integers, 4 
4 257735 8 | 
84,67 The fame at 8 i 
.20 555 
Toz 9424 
15441130 
1801 _ 
3 79682, 78688 1 
| The chicfelt Care and e that attends theſe Contradtions, 
4 the true ſetting down of the Uni I in the Multiplier un- 


_ derneath the — 3 
2 10 * ee 1 
. » IX, 


Fix. In Example 1. r 
Parts in the Product; therefore the Unit's Place of thi 
alciphier was fet ander the fourth Place of Decimals in the 
Multiplicand: And in Example 2, becauſe it was th 
have an entire Product of Integers only; therefore the Unit's Plaet 
of the Multipliet was ſet undet the Unit's Place of the Multipli- 


cand. This, I a - vw — ans: 
— ow 


a * — 


Ses. Py "wivition 471 Da 


D/71810N i is acovunted the moſt dificule Part of Diclinal 
Arithmietick : In order therefore to make it plain and eaſy; 
it will be convetiient to reſume what has been ſaid in page 25. 


wh ſ The Quotient Figure is always of the ſame Value or Degret | 
iz. 


with that Figure of the Dividend, under WO the Unit's 
Place of it's Produc fands. 


As for Inſtance, Let 294 de divided by 4. 
3 This is not 7 but 70; becauſe the Vale 
4) 294 (7 = of 4 x 7 ſtands under the Tens Place 
of of the Dividend 


14 (3 But this is only 3. 


12 
Remains (2) e 2 is the 88 


No if to the Remainder 2 there be annexed a Cypher (thusz 
2,0) and then divided on, it muſt needs follow that the Unit's Place 
of the Products arifing from the Diviſor into the Quotient, will 
ſtand under the anhexed Cypher; conſequently the Quotient Fi- 
gure will be of the ſame Value or Degree with the Place of that 
: But that is the next — — 1 Place, —_— 
the Quotient Figure is of the next ret or lace below nity g 
That is, in the the firſt Place of Decimal Parts. _ N 


Ho © Thus4) 256 (5 
| $0 that 4) 294,0 > (7395 th the * Quai required. 
1 


TT 
— various ) be ny no cd Parr: . that 1 
— — ſy even to the meaneſt Capacity, if po 
rr W 
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ä 8 


8 


| 
— _ 
. « * ” iS „ » 4 „ 
CS 


* IF that Number which Divides another, — with 
the Number which is quoted, their Product will be the Number divided. 
This Definition alone (if compared with the Rule, page 61.) 
will afford. a general Rule for diſcovering the true Value. of the 
Quotient Figure in Diviſion of Decimals. 


' jo The Place of Decimal Parts in the Diviſer and Quatient, 


counted together, muft always be equal in Number with 

yup the Dividend. And from this 23 ariſeth 
Cour Cafes. | 

' Caſe 1. When the Places of Parts in the Diviſor and Dividend 
are equal, the Quotient will be whole Numbers. 


As in theſe Examples. 
3,45) 295975 (35 0, oo58) ,4368 (36 
2535 3 
42 25 468 
„ 468 
(o) 7 „ 


| Caſe 2. W hen the Places of Parts in the Dividend exceed thoſe 
in the Diviſor ; cut off the Exceſs for Decimal Parts in the Quo- 
tient. As in theſe Examples, ' 


24,3) 780,516 (32,;2 436) 34246,056 (73,546 : 
i. ER, = | 
515 )))). 
4386 | 5 1 _ = 
291 5 2380 
243 90 
486 3534) 339433 (57, 2005 
486 2670 1744 
09”. : 3738 2616. 
Ts 3738 2616 
| 3 WO OV 
| \ Cob 3. When there are not fo man Places of Parts in the 
Dividend, as are in the Diviſor, annex Cyphers to the Dividend 
to make them equal, Then yill the Quotient be whole Num- 
bers, as in Caſe 2. 


— Ct EXAMPLES, 


| 


3 
— 


** _ 4 * 
„ rr —— wv 32 gk 1 
YE — Of Decimal Fractions, - 67 


EXAMPLES. 
Lox Klees divide 192, 1 by 7,684, and 441 by 17875. 


„ — 


88 _ 57875) 441,0000 (560 
—_Y 5 
38 420 8 47 250 
38 420 . 5 250 
cs. „F 


Caſe 4. If after Divifon is finiſhed, nn 
Bures in the Quotient, as there ought to be Places of Parts by the 
— hre 


, EXAMPLES. 
Let it be required to divide 7, 25 406 by 957. 


957) Hare | (390758 the true Quotient required. 


9 

de * Again 4575) 90007475 (,0013 

= A 575 

—_— "ns 

— | _ 2725 
_ : \ mY 


Nite, -When Decimal Meads; are „ to be divided by 10. 100. 
1000, 10000, &c. that is, when the Diviſor is an Unit with 
Cyphers; Diviſion is performed by removing or placing the 
ſeparating Point in the Dividend, ſo many Places towards the 
„ as there are Cyphers in the Diviſor. 


„ ͤ  FIMPLEE 
10) 5784 (578,4 100) 578,4 (57,84 
1000) 5784 (5,784 10000) 578,4 (,05784 

Note, Theſe Operations are the direct Converſe to thoſe in page 62. 


I preſume it needleſs to to give more Examp les at la ; only I 
ſhall inſert a few Dividends, and Diviſors, with their Quotients, 
wherein are contained eee Diviſion. 


of Decimals, 
| $74) 493,066 (859 $374) 49,3066 (859 s 
$74) 493,966 (,859 5,74) 493066,00 (85900 
$74) 49,3966 (59 40574) roses (8590 
| $274) 4930, 66 


$59 20574) 2493066 (8,59 
K 2 as T 


„ 


1 


75 — 


en compend 5 diaus Way ay 8 © 
way ö * 


viſd 


| The Work contracted. The ſame at Length, 

| JEET 

7,9863) 70,2300 (8,7938 | 7,9863) 70,2300 (8,7938 
——— _63 8904 1 — 


Explanation of it. 


5:8, 5. 7-Reduce Uuigar Fractions inte Decimals, 


ANY Vulgar Fraftion being given, it may be reduced; or ta- 

ter changed, into Decimal Parts equivalent to it. Thus, 

c Aue Cypbers to the Numgrator, and then diuide it by 
Kule 


| the Denominater, the Quotient will be the Decimal Parts 
yy pe ar apes n 
Ow — 2 EXAMPLE. 


'®, 


F 
4) — 675 [ow e, e eee | 
That is, £= wf = 475. 
2 


1 thus 2)1,0 6 2 
F into: 


near 
Change + into Decimal Pare 


13) _ ,07692307692307) Ge. diene. 
5 That i is, en: eres = 2 fd 


| dad nes waw_ks 1 
obſerved; that in imperſect 
Quotients, the Figures do return again 


and circulate in the ſame Order as be- 


begin to y E Pics of | 


| Thele being underſtood, it wilt be-exfy to find the Decimal 
2 5 or Parts of Coin, Wei 


| ton rF hk Dn Hr 5 
—. _— in the JaWger, den 
3 c. 


1. Let it be required to find the Decimals of 764, 64. Firſt 
16585 td of ane Prin, and 6d. = A of 14, ” 
| But . & =H. Then 40) 35,900 (ig the Decimal 

| Parts required : That is, . " 
112 — * 
2699646 


Hers 


— Lamg a 2 


Pot l. EY 
—— 


n 11 . 248 of 11 a = . 
But 13 K As = 18. Then 240) 160,000 (03666666 Sc. 
Hence 3 l. 131. 4d. = 3,666666 Sc. As was requi 

2. bo W one Foot being 


Pag. . 
But a 48. Then 48) $1,000 (,64583 Fc. = 7 +Inches. 
i. Let it be required 8 Ox. 19 Pwr. 8 Grains into | 
Decimals z one N 
= Theſe being reduced into the leaſt Terms, and added together, 
will become $323 of 1 Pound, 

Tben 5760) 4304,060 674722 &c. The Decimals required. 
And thus may any propoſed Parts of Coin, Weights, Meaſures, 
Sc. be reduced or changed into Decimal Parts; which perhaps 
may at firſt ſeem ſomewhat tedious in Practice, but being a little 
acquainted with them it will be found very eaſy ; and the ingenious 
Practitioner will (with a little Coen) fron find how "4 
— reduce. them mentally ; or with a very few Fi- 
gures, without the Uſe of ſuch large Tables as are uſually inſerted 
in Books of Decimal Arithmetick ; or at moſt they ma be contrac- | 


ted into ſueh a3 theſe following, which if duly to thoſe 
— r A IEINES very uſeful. 
| | Decimal Tables. 
in. . — 


0,0625 . ... = 1 Ounce. 
0,00390625 = = I Dram. 
t lb. — the Integer... 


» 
— V 


ALES... 3&6 
| 0,00892857 = 1 lb. 
_ 1} 0,00055803 = 1 Ounce. 


| — 2 F wy He Great Tat. | 
; 
C. eee. we 


1 N 
5 0,041 56667 = 1 Hour. 
= 1  ]} 0,00069444 = 1 Minute. 
3 = i Grain. \|[0,00001157 = 1 Secand, 
1 Oz, r IDs or 24 


Hur being 
the Integer. _ week I 


Anal PE 


= 
—_ — 


IR T * L 


The Uſe of thee Table will be evident by the lowing. 
e JA LE 


Chap. 5. 


441 7 ” 25 
| Let it be required w find the Decimal Parts equiralent to 
175. 9 d. 2 Farthings. 
Firſt 0,05 =1 5. Therefore 17x,05=85 ....=17 5. 

And ,004166=1d. Therefore ,004166x9==,037494=9 d. 

| Allo 2),004166(=,002083=3d. 


Conſequently their Sum, vis. 0,889577=1 75. 914. 
Now to find the Value of Decimals in known Parts of Coin 
or Weights, &c. is only the Converſe of the former Work, and 
is thus performed. 3 
Multiply the given Decimals with the Denominator of the Vul- 
Fraction required: That is, multiply the Decimals with ſuch a 
: Number of Units, as are contained in the next lower Denomina- 
tion of that Kind or Species which your Decimal is of ; and the 
Product will be the Number required. 
EXAMPLE. „ 
1. What is the Value of 0,825 Decimals of 1 Pound Sterling. 
That is, how many Shillings, Pence, &c. =, 825. Firſt, the 
next lower Denomination is 20, becauſe 20 5, make one Pound. 
Therefore br 


Shillings = and Parts of I Shilling, 
= 


— 


1 FI a Be bw = 165 6d. 
Again, What are the known Parts of Engliſh Coin equal to 
37666666 Decimals. 
Here the 3 Integers are 3 Pounds. Then ,666666 


20 
Shilling 13.333320 


\ 2 — 


Anſwer 666666 = = 31 13 +. 44 8 —— 
| 3»333% 


ce 39998 = 4 near. 
What is the Valus of o, 4722 Parts of 1 lb Tro. 


Fu, 274722 hen, 96604 Again, +3280 
x 49a * == — 3312 : 
T o’'o¹ẽͥ̃ Ä 


0 8,5664 
Theſe calleQed 


On. Pax. Gr. 7298320 
are 8. 19. 8. very near. | 
- e And 


, 4 0 


1 Arithm os 
er A Dn may be turned oc 

into the known Parts of what they repreſent, wiz. Whe- 

ther they be Parts of Coin, Weights, Meaſures, or Time, &c. 

I have omitted inſerting more Examples of this kind, becauſe 
T take the Excellency, and indeed the chief Uſe, of Decimal Frac- 
tions, to conſiſt more in Geometrical Computations, than in the 
common or practical Parts of Arithmetick, as will appear further 
on ; although even in thoſe they are very uſeful upon ſeveral Ac- 
counts; eſpecially in the Computations of Intereſt and Annuities, 
Wc. But of that more in it's proper Place. I ſhall therefore con- 

clude this Chapter, with a Remark or two upon the Nature and 
4 of Fractions in general. 

If any given Number (whether it be whole or mixed) be mul- 
tiplied with a Fraction, either Vulgar or Decimal, the Product 
. will be leſs than the Multiplicand, in ſuch a Proportion as the 
multiplying Fraction is leſs than an Unit or 1. 

That is; as the Denominator of the _ 
8 will the given Number be to the Product. 

Therefore, whenever any Number is to be with a 
OD, whoſe Numerator is an Unit: Divide that Number by 
the Denominator of the Fraition, and the Quotient will be the 
Product Thus 12 5 4 = 3. And 127242 3. Again, 
12 * 12 And 12 ＋L2 r U, & 22 
From * it follows, that if any Number be divided by a 
Fraction, the Quotient will be greater than the Dividend, by 
ſuch a Proportion as Unity is ren an the dividing FraQtion. 

Thus 12 2 1 = 48, viz. 1: 1:: 12: 48, &c. But the Truth 
of theſe will be beſt underſcod afer the next Chapter, | 


CHAP VL 
[97 Contaned Phoptions, av bw i che o a 


the Order of Things. 


8. 1. Conceraing Aritheetical Progreſon, a cold 
Arithmetical Proportion Continued, 


Warn e * of Numbers do either inerea 


an equa? Interval or mmm 
thoſe Numbers aro [to be 2 


— 


Here the Iaterval or 
„ common Differ. is 1 

1 4 6. d 16, „enn... Here the common 
„ 90 . 11.30 Difference is 2. 


1 bv & any other ; Series whoſe common Difference is 
4. 5. &c. 


Lemma 1. 


Ik any three Numbers be in Arithmetical Progreſſion, the Sum 
of the two Extreams (viz. the firſt and laſt) will be equal to the 
Double of the — or _ Number. 


As in theſe, 2 2 tr 3.6.9. Or 3.7. 11. 
Fiz. 2-+6= 24+ 4 or 34-9= 6+6. And 341 1==7þ7 . Cc. 
Lemma 2. 


If any four haben: are in Arithmetical Progreſlion, the Sum of 
the two Extreams will be * to tha Sum of the two Means. 


As in theſe, 2.4.6. „ 1% 
Viz. ie. And 3+1 2=6-+9. &c. 
Corollary. 1. 


From theſe two Lemma's it is eaſy to conceive, that if never ſo 
many Numbers be in Arithmetical Progreſſion, the Sum of the two 


Erxtreams will be 1232 to the Sum of any two Means, that are equally 

diſtant from thoſe Extrea | 
As in theſe, 2 4. 5 ee 26; 
Then 2+16=4+14=64+12=8+ 10. 

Or if the Number 1 hs be odd, as theſe, 

25:4... 1@- 223 . 18. Ce. 
| Then MES (4 16=6414=8+15=10410, 
Lemma 3. | 
E Every Series of Numbers in Arichmetieal Progreſſion is compo- 
ſed of ut the Interval or common Difference, ſo often repeated as 
| there are Terms in the Progreſſion, except the firſt. . 
A in theſe; . 3. 5. 7. 9. 11. 13. 15. 17. &c. 
> the Interval or 2 Difference being two, it will 
be 14223. 3+2= 5+2=7. 7+2=9. z =I. 
11+2=13. 13-215. I5+2=17. G. 
Corollary 2. 
ee it is evident, that the Difference betwixt the two Extreams 

ig. 1 d 17) is compoſed e common” Difference, multiplied 
$ into 1b and of 1 . . excepting the firſt. * 
n — Ha F. J. . N N — 5 


—___—_— 


— 


74 —  Reithmetick, 


The Number of Terms without the firſt is 8 1 
| The common Difference is * F Multiply 
The Difference betwixt the two Extreams 16 
| Propoſition I. 


In any Series of Numbers in Arithmetical Progreſſion, the two 


no and the Number of Terms being given, thence to 
find the Sum of all the Series. 


N Multiply the Sum of the two Extreams into the Num- 
Phi ; 


Pat I 


ber of all the Terms; and divide the Product by 2. 
The Quotient will be the Sum of all that Series. Ty -- 
Corel. 1. 
e EXAMPLE . 
It is required to find the Number of all the Strokes à Clock 
ſtrikes in one whole Revolution of the Index, viz. twelve Hours. 
Here 1 +12=13 the Sum of the two Extreams. 
12 the Number of all the Terms. 


26 

13 
Then 2) 156 (78. The Number of Strokes required. 

re. 


Sage one Hundred Eggs were placed in 2 Right Line a 
Yard diſtant from one another, and the firſt Egg were a Yard 
from a Basket; whether or no may a Man gather up theſe 100 
Eggs ſingly one after another, ftill returning with every Egg to 
the Basket and putting it in, before another Man can run four 
Miles. That is, which will run the greater Number of Yards. 

In this Queſtion 200--2=202 Is the Sum of the two Extr. 

And 1100 Is the Number oſall the Terms. | 
+ The Number of 


Then 2) 20200 (10100) Yards he runs that 
takes up the Egg. 
Now 4 Miles=7040 Yards I The Yards he runs that takes oy 


But * the Eggs more than the other. 
- Propoſition 2. 
_ FEY be N Arihoeical Progreſſion, 6 * | 
* PE. hx and Number of Terms being given; to find the 
* common Difference of all the Terms in that Series. 
c The 541 No betwixt, the tius n 


3 


Chap. 6. Of Pyopoztion. 


2 ———_ 


EXAMPLE nt, 


One had — Children that differed alike in all their Ages; 
the youngeſt was Nine Years old, the eldeſt was Thirty-ſix and 
a 45 ; what was the Difference of their Ages, and the Age of 
eac 

Here 36, 5—9==27, 5 The Dilkrence of the two "EY 
And 12—1 211. The Number of Terms leſs an Unit. 
Then 11) 27,5 (2,5 The common Difference required. | 
Conſequently 9+2,5=11,5 The Age of the youngeſt but one. 
And 11, 5 2, 514 The Age of the youngeſt but two. And 
fo on for the reſt. Per Corel. 2. 


EXAMPLE 8 


A Debt is to be diſcharged at eleven ſeveral Payments to _ 
made in Arithmetical Progreſſion. The firſt Payment to be 
| Twelve Pounds Ten Shillings, and the laſt to be Sixty-three 


_ What is the whole Debt, and what muſt each Payment , 


| Per Theorem 1. Find the whole Debt thus : 
67755 The Sum of the Extreams. 
11 8 Fhe Number of Terms, 


* 
755 


2) 830, 5 (41 $,25=415 55.. The whole Debt. 
hen, per Theorem the common Difference of each 
he | | 
Thus 63z—1 2,5=50,5 The ES of the Rates, 
And 11—1=10 The Number of Terms leſs 1. 
Then 10) 50,5 (5,05=51. 15. : Ow common Difference. 
8 s. 


Conſequently 11 obs I=17 11 The ſecond Payment. | 
0 4. 


And 5 0 5 : EN . 12 The third Payment, &c. 
| EXAMPLE 3. 


A Man is to travel from London to a certain Place in ten 
Days, and to go but two Miles the. firſt Day, increaſing every 
Day's Journey by an equal Exceſs; ſo that the laſt Day's Journey 
may be Twenty-nine Miles; what will each Day's Journey be, 
. COTA goes to diſtant from Londen # = 


. Firſt 


756 © Urikhmtick, Part 1. 


'Y irſt — The Difference of the Extreams. 
And 10—1=9 The Number of Terms leſs 1. 
Then 9) 27 (3 The "6 a Difference. 
Conk uegtly 243 22 5 The ſecond Day's Jour 
And 5+3=8 The third Day's Journey, "i 
Ko 294-28 31 The "ng of the Extreams. 
1 The Number of Terms. 
2) 310 (155 The Diſtance required. 


There are eighteen Theorems more relating to Queſtions' in 
Arithmetical Progreſſion; but becauſe they would require a great 
many Words to ſhew the Reaſon of f, I therefore refer the 


Reader to the Second Part, wiz. That of Algebra, where he may 


find their Analytical RIO. 


EY n 
— 


Sect. 2. Concerning — P2oportion continued, 
ſometimes called Geometrical Progreſſion. 


| v H E N a Rank or "EAR of Numbers do either increaſe by one 
common Multiplicator, or decreaſe by one common Diviſor ; 
thoſe Num ders are ſaid to be in Geometrical Proportion continued. 


1 8 . 16. 32. Cc. here 2 is the common Multiplier. 
[6 1 . 16 . 8. 4. Cc. here 2 is the common Diviſor, 
"ah 8 54 . 162 . Cc. here 3 is the common Multiplier. 

18 162 18. 6. 2. here 3 is the common 2 


and it ſbews the Habitude or Relation the Numbers have to one 


which Euclid thus defines. 
| Ratio (er Rate) is the mutual Habituds or Reſpet? of two Mag- 


x according to Quantity, Euc. 5. Def. 3. 


Proportion (rather Proportionality) is a Similitude of Retig's. 
Euc. 5. Def. 4. 


So that there cannot be leſs than three Terms to form a 
Proportionality or Similitude of Ratio's ; and if but three 2 
the ſecond muſt ſupply the Place of two, As in theſe EE £ #- 
That is, 2:4: (of:: ſee page 5.) 


Note, The common Multiplier (or Diviſor) i is called the Ratio; 
another, viz. whether they are Double, T riple, Quadruple, &c. 


nitudes (conſequently tws Numbers) of the fame kind each to other, 


Here 4 the middle Tam ſupplies the Place of two EY 
to wit, of the ſecond and third; 8 bearing the fame Reaſon, _ 
* 


+ md 1 


Chap. 6. 


_— i 4 As 4 doth 2. vis Aon: is to 
4: 80 is 4: to 8. | 


Lemma 1. 

If three Numbers are N the Rectangle or Product 
of the two Extreams; viz. of the firſt and laſt Terms will be 
equal to the Square of the Mean or middle Term. (20 Excl. 7.) 

As in theſe 2: 4::4: 8. Here 8x2=16 the Product of 
the Extreams. 

And te the ure of th Mea, Ergo 8x 2= 4x 4 


Col. I. 


Hence it follows, that if the Product of any two Numbers be 


equal to the Square of a third Number; thoſe three Numbers 
will be in Proportion. 


Lame 3. 


If four Numbers are proportional, the Product of the two 
Extreams will be equal to the Product of the two Means 
(19 Euclid 7.) 

As in theſe, 2: PP 16. Here 16x2= 


And 8x 4 = 32. Conſequently re 166236. 
Corel. 2. 


From bence it follows, that if the Product of any two Numbers, 
be equal to the Produft of any other two Numbers, 9 Num: 
bers are Proportionals. | 

| And from theſe two Lemmo's it will be eaſy to. conceive, that 
if never ſo many Numbers are in continued Proportion; the Pro- 
duct of the two Extreams, will be equal to the Product of any 
two Means, that are equally diſtant from the Extreams. 
As in theſe 2. 4. 8. 16. 32. 64. &c. 


Here 64 * 22 32 x4=16x8. 2 And.if the Number of 
Terms be odd. 


As in theſe 33 . a6. «>: 0d. + i 
Then I28 x 264x453 32x 8216 x 16. 


CORY The Character made 10 of to Jevify aud Pro 
portiqnats i is . = 


Gy TAIT 


78 


net Fl. 
. (viz. of continael Proportional) thas Num- 
ber which is compared to another, is called the Antecedent of the 
Ratio; and that Number to which it is compared, is called it's 


:4::4:8, Here 2 is the Antecedent, and 4 
* and 4 the middle Term is an Antecedent to 8 
it's Conſequent : whence it follows, that in Series of == all 
| the middle Terms between the firſt and laſt are are 1 Antecedents 


As in theſe, 2. 4. 8. 16. 32. 64 Cc. . 8.16 32 

ate both — 17 Antecedents. 

For 2: 4: : 4:8 :: 8: 16 :: 16: 32 :: 32: 64 Cc. : 
So that 6 except the laſt are Antecedents. And 
all the Terms except the firſt are Conſequents, 


Lemma 3. 


If never ſo many nn are proportional, it wil be: As 
any one of the Antecedents is to it's Conſequent: So will the Sum 


of all the Antecedents 1 to the Sum of all the Conſequents. 
63 


That is, in the foregoing Series. 

:: 2+4+8+16+32: 4+8+16-+ 32+64. 
* it is evident, that 448416 ＋32＋ 64 the Sum of all 
the Conſequents, is double to 2 + 4 +83 + 16 + 32 the Sum of 
all the Antecedents; as 4 is to 2, according to the Ratio, and 
| would have been Triple, or Quadruple, &c. had the Ratio been 


3 or 4, Oc. 
every Series of = the Ratio is fund by dividing an of 


Note, In 
the Conſequents by it's . 
| r 52285 18:54 :: 54 : 162. 
Here 2) 6 (3 n. Or 6) 18 (3 &c. 
From the ſecond and third Lemma's may be raiſed two general 
Theorems or Rules, for finding the Sum of any Series in 7 = with- 
out a continued Addition of all the Terms. 

Let the Series 2. 4. 8.16. $2". by . 188, be given, 
| to find it's Sum, | | 


== the Sam of all the Terms; 8 
n the Antecedents. 
2—2 22 m of all the Conſequents. 
But 2: 4:: 2 — 133: 2 , per Lemma 3. 
z - 22 


Conſequently | 


— ——_— 
Conſequently 42—222312—4. | |; 
Theorem. le Words at length thn, g 


| » From 23 2 and laſt Terms 

ubtrat? t e of the firſt Term, and that Re- 

Theorem 1 gz aA the ſecond Term leſs the firft, 
will give the Sum of all the Series. 


Or if the firſt Term, the common Ratio, and the laſt Term 
be * _ Then, 


Multiply the laft Term n and from 
T1 ©} their Produdt fſubtra the firſt Term; divide that 
EEE Remainder by the Ratio leſs Unity or 1, and it wilt 
give the Sum of all the Series. 
For 4z—22=512 — 4. As above. a 
_ Conſequently 2z—z=256—2 nx. (WE TINS by 2. 


a. Theorm 2. 
EXAMPLE. 


q Let 2. 6. 18 54. 162 . 486. be the given Series. 3 
2 is the firſt Term, 3 is the Ratio, and 486 the laſt Term. 


But 486 x 3 2 1458. And D 1456. 
Then 3—1=2) 1456 (728 the Sum required 
TIA 728=2+6+18 +54+162 +486. 


Since in either of theſe Theorems it is required to have the 
laſt: Term known, (the which in a long Series of += will be very 
' tedious to come at by a continued Multiplication) it it will therefore 
be convenient to ſhew how to obtain either the laſt Term or any 
Ten Term, whoſe Place is afigned, without producing all the 
erms. 
In order to that, it will be neceſſary to premiſe the Coherence 
or Similitude that is betwixt Numbers in Arithmetical Progreſſion 
and thoſe in Geometrical Proportion. 
If to any Series of Numbers in ++ when the firſt Term is not 
. mi. 1, there be affigned a Series of Numbers in Arithme- 


— beginning with an Unit or 1, and whoſe cm- 
is 1. Called Indices or Exponents. | | 


„ 7 Indices _ 
es. 1 . 64. ids „ 
Then 


Bo 2 Part 1. 


"Then will the Addition e Se en of any: two of thoſe 
Indices (or Non in Arithmetical Prog . directi 4 
reſpond with the Product, or Quotient of tf their re 
in the Series of >. 


As 3 +4= 
Thats, Fg Hat. the ſeventh Term in . 


| As 6＋4 10. 
Again, E 64 * FO 1024. the tenth Term in _ 


2 18 1 88 16. oy | arab. 


But if the Series of — ß wad an Vait, the Indices muſt 
3 with a Cypher. 


0 . 1 3 
wa, {; 3 8 . 16. 32 . 64. 


Now by the help of the Indices, and a few of the firſt Terms 
in any Series of >, it is plain that any Term whoſe Place or Di- 
ſtance from the firſt Term is affigned, may be ſpeedily obtained 
without producing the whole Series. = 


EXAMPLE I. 
A Man 


7 bought a Horſe, and was to give a Farthing for the firſt 
Nail, two for the ſecand, four for the third, &c. in =, the 

. Number of Nails was to be 7 in every Shoe, wiz. 28 Nails i in all. 
What niuſt he have paid for the Hotle? | 


„ 1 
A Farthings in = 


Then, } 5 +5=10 | 4 | 10 410 =20 


$3 x 32 = 1024 _ 1024 x 1024 = = 1048576 
4 4+3=7 7.4 ny 7 
Again, 112 x 8=128 Laſtly Jo Laage un pre 


| Which is here to be accounted the 28th-and laſt Term. / Becauſe 
th an Term in de Series i 1, which doth either ae 
nor divide. 
Now this 134223 7728 being the Number of Fanhings to be 
paid for the laſt Nail, by it the common Ratio which 'is 2, and 
the firſt Term which is > may be found the Sun ofa the 
r=: aac | 


11343, 


. 6. _ Of eee &c. 


a 


* — EC EY 


M71 134219728 


. 
8 8 
m * 4 Fa bk . - _—_— — 
* 
— 
_ * * G 
, - 


* 75 Fain this product ſubtraA L. 

e Then 2—1=1 the Diviſor. 

| 9 268435455 is the Sum of all the Series, or Price 

of the Horſe in Furthings, which being brought into * 
en 46) will be 2796201. 55. 3d. 397% 


EXAMPLE 2. 


Wy ö agreed with a Maſter (unokilled i in Numbers) 
to ſerve him Eleven Years without any other Reward for his 
Service but the Produce of one Wheat Corn for the firſt Year ; 
and that Product to be ſowed the ſecond Year, and ſo on from 
Year to Year until the End of the Time, allowing the Increaſe 
to be but in a ten-fold Proportion. 


Tris required to find the Sum of the whole Produce. | 


. late er Yen, 
refs . Wheat Corns in ++ 
2 6+5=1T 


As 4+2=6 
180 10000 x 100 = 1000000. the „ 7 

And toooooo x 100000 = I00000000000. "M he eleventh or 

* Yea Produce, 


Then (either by Theorem 1, or 2) the Sum of all the Series 
will be 111111111110 Corns. Now it may be computed from 
Pages 31 and 34, that 5680 Wheat Corns, round and dry out of 
the middle of the Ear, will fill a Statute Pint. If ſo, 

Then 7680) 111211111810 (14467592 Pints, but 64 Pints 
are contained in a Buſhel. 


Therefore 64) 14467592 (226056 4 Buſhe!s. Suppoſe it to 
En che Bagel; 

PR. Hs} = ee $5. 41d. A 7 
Recompence f or Eleven Years Service, 


Tbere are ſeveral petty Queſtions reſolved by Numbers i in 

Arithmetical Progreſſion; and by thoſe in +>, which the ingenious 

ner will eafily perceive hereafter ; viz. When we come to 
the — of Queſtions 2 to Intereſt and — — 
re 


g * 2 5 9 © I 
* * | - * a * * ; | 
| | WS 7 
82 | 


r 


r A 
which being but of little or no common Uſe, I ſhall therefore 
give but a ſhort Account of it. 

Muſical Propor tion or Habitude is, when. of three Numbers; 
the firſt bath the f fn Prevention. oo the Oe, as the Difference 
yo, earoamatng 

As in theſe, 6. 8. 12. viz. 6: 12::8—6: 12—8 

Fan 55 fore Nantes Bas Pagers, The firſt 
will have the ſame Proportion to the fourth, as the Difference 


between the firſt and ſecond hath to the Difference between the 
third and fourth. 


As in theſe 8 . 14. 21 . 84. 
Here 8: 84 :: 14— 82 6 : 8 4 21 63. 
That is, 8 : 84 :: 6: Toa 


| The Method of finding out Numbers in Muſical Proportion, 


— as ſhall be ſhewed — 
art. 


5 25 | 
— — — 


z Hew i Change or Try the Order of Things, br. 


"HIS being a Thing not treated of in any common Books of 
Arithmetick, (that I have had the Oppartunity of 
made me think it would be acceptable to the young Learner, to 
| Know how oft it is poſſible to vary or change the Order or Foſition 
of any bropoſed Number of Things. 
As how many ſeveral Changes may be rung upon any propoſed : 
Number of Bells; or how many ſeveral Variations may be made 


of any determined Number of Letters, or any other Things pro- 
poſed to be varied. 


The Method of finding out the Number of Changes is by a continual 


Multiplication of all the Terms in a Series of Arithmetical 
| frons, whoſe firſt Term and common Difference is Unity or % 
_ the lf rm the Number of Things prapaſod — vis. 
Ix2XZX4xX$SxX0x7> G. As will appear from what follows. 


I. If the Things to be varied are only two, they ad- 
mit of a double Poſition 2 to Order of Place) and no more. 


Thus, { 1 . gi fais 
ne Thing an propoſed to be varied, ey may 


r r s. 
. 


INT" 


| — by : "FOR a 
Chap: 6. 4 of Propoxtion, &c. WW , 


be changed fix fever e (as to their Order of Place) and no 
more. 


For, beginning with — 3 1 3, 
Next, beginning with 2, there will be 3 1 


Again, beginning with 3 it will be 17. 154 


Which in all make 6 or 3 Times 2, vix. Ix2x 3=6 
Suppoſe four Things are propoſed to be varied ; _ 


Then they will admit of 24 ſeveral Changes, as to their Order 
of different Places. 


For beginning the Order with x it will be 
n Changes. 


when 2 begins the Order, and as many when 3 and 4 14 
Order; which in all is 242 1x25 3x4 And by this 
of proceeding, it may be made evident, that 5 Things admit of 


120 ſeveral Variations or Changes; and 6 Things of 720, _ 
As in this fellowing Table. 


| The Number ' Tie une dog | The 


Things | their ſeveral 
„ | Pariationsare | 


different Changes « ir Ware 
ations every one of the propo- 
* 1 
| be varied. 1 produced. $ l 
: Sc TY | | 1121 
| 3:4. -rneoTms 


[ 

2 

$ | 2x3 |=6 | I. 
o | .Sn44=24 | 0 — 
5 24 5 | = 120 | 1 
6 120 x6 | = 720 

7 720 x7 | = 5040 

8 | $040 x8 | = 40320 ED 

9  40320x9 | = 362880 = 
10 362880 x 10 | = 3628800 | : 
11 3628800 x 11 | = 39916800 

I2 39916800 x 12 | = 479001600 

Th oc, | | Se. : | Ee. | wy VE 
— — — — - . 


—— © 


b ,' * p " * N 4 4a * 9 n * 
(#44 I 8 4 nm N ; T * * 
3 : 9 . 4 $f Ly . 7 . * 4 p 0 Y 
"S N 


—_— 


84 
- # 


" 
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will admit of 620448401 33239439 360000 ſeveral Variations. 


From theſe Computations may de ä ſeveral pretty, and i 1 


e yery Mpange, Queſtions 
Wt | EXAMPLES. 


Air Gelbes that were re travelling, met isser by 3 1 5 


| 12 certain Ian upon the Road, where they were ſo pleaſed with 
ir Hoſt, and each other's Company, that in a Frolick they made 


a Contract to ſtay at that Place, ſo long as they, together with their 


Hoſt, could fit every Day in a different Order or Poſition at Din- : 


ner ; which by the foregoing Computations will be found near 14 

Yeirs. For they being made 7 with their Hoſt, will admit of 

odo different Poſitions; but 5040 bein divided by 365 z (the 

Number of the Days in one Tear) will give 13 Yeats and 291 
Days. A very pretty Frolick indeeed. 

I have been told, that before the Fire of Labs (which hap- 
pened "Anno 1666) there were 12 Bells in St Mari Le Bow's Church 
in Cheapfide, London. Suppoſe it were required to te 
ſeveral Changes might have been rung upon thoſe 12 Bells ; and 


gat à moderate Computation how long all thoſe 8 
have been ringing but once over. wn 


1 


Firſt, ebe fre- rette 479001600, the 


8 


Tben fuppoſing 1 there iight be rally 10 Chan ove Miniee: 
piz. 12 „ 10 = 120 Strokes in a Minute, Chang Strokes in a 
Second of Lime: Now according ta that Rate there muſt be 

lowed 47900 160 Minutes to ring them once over in all their 
different Changes; viz. 10) 479001600 (47900160. 
In one Year there is 365 Day, 5 Hours, and 49 Minutes; 
which, being reduced into. Minutes, 525949, | © 


. 525949) 47900169 (91 Years and 26 Days. 
80 long would tho 12 Bells have been continually y ringing 


. — K— —k 


| without any Intermiſfion, before all their different Changes could. 
| have been truly rung but once over. It is ſtrange, and Jeems al- 


poſt incredible, that a few Things ſhould produce ſuch Varieties. 
But that which ſeems yet more ſtrange and ſurpriſing (yea, even 


jmpoſible to > tho who are not verſed in the Power of Numbers) | 


' by 


Part I. 
* - 
a 


"Theſe may de — 1 on 10 any afbened 1 
Suppoſe to 24 the Number of Letters in the Alphabet, which 


mw A A-< MM. _ XX 4 


bow many 


[ 
4+ FA wi 


* | 


. Of R 3g 


is, — ir two Bells more had been added to the aforeſaid 12 they 
would have advanced the Number of Changes (and conſequently 
the Time) beyond common Belief, . For 14 Bells would require 
(at the ſame Rate of ringing as before) about 16575 Years to ring 
all their different Changes but once over. 
And if it were poflible to ring 24 Bells in Changes (and at the 
ſame rate of 10 Changes in a Minute, which. is 2 Strokes in one 
Second) they would require more than 117000000000000000 
Years to ring them but once over in all their. different Changes ; 
as may _— be —— from the n 


C H A P VII. 
Of Propoztion Digjng . commonly called ue Golden 
— Dijunct, or the Golden Rule, is either Died * 


P Reciprocal, called Inverſe, And thoſe are both Simple and 
an 245 2 ee 


er. 155 


Dr Proportion is, when of. four Number, 2 firſt 
the tio or ropartion to the ; as the 
doth to the fourth. hi 

As in theſe 2: 8 ::6: 8 1 

Conſequently, the p the focord Tein is, in ref & to the 

firſt; the will the fourth Term be, nj plot 

Thar is, as 8 the ſecond Term is 4 Times greater than 2 the 

firſt Term: S0 is 24 the fourth Term, * greater than 6 
the third Term. 

- Whence it follows, that en are in Direct Pro- 
portion, the Product of the two Extreams will always be equal to 
the Product of the two Means, as well in Disjunct as * 
. according to Lemma 2. page 77» 


For As 2: 2x4: 6:62 4. Or As 3: 3x5:: £6: 6x5. 
| But zx6x4=2 x4 x6. Or z3x6x5=3x5 x6. = 


That i, the Pag ofthe Extrams equal to tat of th 


Far l. 


— — tit _— 7 


" Again, the I the bert Terms i in cel the rſt the 
les will the fourth Term be in reſpeR to the third. 


As in theſe 18: 6: : 12:4, . 
That is, 18: 183 :: 212: 122 3. 


But 18 * 1243 A rao Viz. 18x4=6x1 r2. 


ly 2.8.6. And 18 e 
true Proportinale, er Coro. 3 2. rr 


From theſe Conſiderations, comes the Invention of ending * 
fourth Number in Proportion to any three given Numders. 
Whence it is called the Rule of Three. 
For if the ſecond Number multiplied into the third, be equal 

to the firſt multiplied into the fourth, it is eaſy to conceive, that 

if the Product of the ſecond and third be divided by the firſt, the 
Quotient muſt needs be the fourth Number. For if that Number, 
which divides another, be multiplied into the ient produced 
by that Diviſion ; their Product will be equal to the Number di- 
vided. See page 21. 


os in theſe 2 8 :: 6: 24. ene 48 24x 2 
But if 24 „ 2 2 48, then will 43 = 2 = 24. Or 48 ＋ 24 =. 


Note, Any four Numbers in direct . may be varied 
ſeveral Ways. As in theſe. | * 


Viz. If 2: 8: : 6: 24. 3 PA 
And 6: 24:; 2:8. Or 24: 2785 2 9 


1 Variation: ell under will be = 
„ D N e gy ons 


hen there, Number are rr 
fourth Propor z the. Difficulty (if there be any) wi 
dein the right ting g the Queſtion, or abſtracting he ates 
Ne. ords in the Queſtion, and pacing them down in their 
oper Order. | 
233 SL be ery ends if it be truly conſidered, that al- 
ways two of the three given Terms, are only ſuppoſed, and 
aſſigned or limit the Ratio or Proportion. 1 
Veſtion; and the fourth gives the Anſwer. | 
As for inftance; if 3 Yards of Cloth coſt 9 Shilling: What . 
will 6 Yards. caſt at the fame Rate or P 
Here 3 Yards, and 9 Shi 


269 lings, are two ſu 
that imply the Rate; as appears 


"PI A 
by the Word [if] wz. If 3 


Yards coſt 9 Shillip then W 4 
Yards colt? pgs (then comes-the Queſtion) What will 


** 


N. B. The Term, which moves the Queſtion, 8 
ſome of thoſe Words qo viz. What will: Dow many? 
How long? Þow far ? or Yow much? &c. 
Then (carefully — this; viz.) the firſt Term in the 
Suppoſition muſt always be of the ſame Kind and Denomination 
.with that Term which moves the Queſtion. And the Term 
ſought will always be of the fame Kind and Denomination: with 
the ſecond Term in the Suppolition. 


7 AIM 
Thus, J, Then 
ay ie in dn porn mb ft three 


Chap: 7. ED 


Multiph the ſecond and third Terms together, and 


Theorem 1. 5 divide their Produc by the Ga Term; the Quotient 

3 1 reguired. 

yds. ſbil. yds. foil. | 

Thus 3 yz ::6: 18, The Anſwer. 
8 | 


._ _— 3 { becauſe the ſecond Term 
3) 54 (18 Shillings, C was Shillings. 5 


| Divide the ſecond Term by the firſt, then multiply the 
Theorem 2. . Duotient into the third Term, and their Produt 
9 55 will be the Anſwer reguired. 


. fil. * 4 
29 
Thus 3) 9 (= Ly Then 3 x 6=18, 23 before. 
8 Divide third Term by the „i, then way x the 
Theorem 3 4 ä erm, and their roduet 
OE will be the Anſwer. 


A Halt. 
> $ >: 6. 
Thus 3) 6 Ee, And 9 x 2 18, as before. 
| Here you ſee that all the three Theorems are y true ; but 
the feſt moſt general, and uſually practiſed. Yet the two laſt 


may be readily performed, when b 
can be divided by by the firſt and will be found of ſingular Uſe in 
Lott &c. as will appear further on, Pp 

veſt, 
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— 15 Pounto of 56 Pounds) coſt at the ſame Nate? 


Thus 81b : 145. ;:: 56Ib: 41 18s. The Anſwer. 
5 | F 


99 784 (=98s.=41. 18s. 
Or thus 8) 56 (=7 Then 14 x 7 = 98s. as before, 


Qugf. 3. If 14 Shillings will buy 8 Pounds of Taco; how 
much will 4 J. 18s. buy after the ſame Rate? 


Stated thus, 14 : 8 lb: : 41. 18s. 2 98 f.: 
Then 98 „ 8 2784. And 14) 784 (561b. The Anſwer, 


Oueſt, 4. If half a hundred Weight of Tabacch be worth 41. 


18 . How much may I buy for 14 Shillings at that Rate? 


Stated thus, 4 J. 18s. 298 .: 561b :: 145. 5 — 
\ Then 56 x 14= 784. And 98) 784 ( b. The Anſwer. 


Oueſt, 5. Suppoſe 4 J. 185. will buy 56 Pounds of Tobacco; 


what will 8 Pounds of the ſame Tobacco coſt? 
This Queſtion is thus tated, 56 Ib: 41. 185,=98s.:: 81b ;— 


Then 98 x 8 = 784. And 56) 784 (=145. The Anſwer. 


Note, The three laſt Queſtions are only the ſecond varied, be 


| Propoſed purely to give an Inftance how an y Queſtion i in this yo, 
of Three may be varied, according to page 26, 


 Sueft. 6. What will three quarters of a Yard of Velvet SY 
when the Price of 21 Yards and a half is worth 22 J. 10s. 6 4. 


This Queſtion truly tated will ſtand 
Thus, 21 f.: 22 J. 105. 6 d.: 4 To the Anſwer, 


Which may be found three ſeveral Ways; viz. by Ruud, . 


by Vulgar Frattions; and by Decimali. 


1. By Redustin. Bring the firſt and third Terms into one 


Denomination; r 
n « 4+ page 42. 


Thus 214 = $6 


143 


Quarters. And 224, 10 f. 6 d. = 466 ills 


Then 86: en For 5406 x 3 = 16410. 


Ke ifs Pounds of Tobacco coſt 14 Shillings 3 what will 


F 
| 


1 al 8 K 8 - ö — i. — as. N * . Q "1.2 
= — W — . P * * 


157. eee e 


And 86) 162 18 (=188 224, Then 188 {4 Pa = i5 6 
84. 243+ Farthings ; the Anſwer required. 

2. The ſame ſtated in PFulgar Frattions will fland 
Thus 21 += : 2245 A:: 1: (See Seer. 3. page 50.) 
Then 225 x += 222, And ) (= 128 page 55, 56. 

Theſe 442$ Parts of a Pound are brought into Shilling: by 
Multiplying the Numerator with: 20, and dividing the Product 


by it's Denominator, Cc. 


Thus 5406 x 20 2108120. And 6880) 108 120 (15 5 . 
And there remains 4920. Again was x 12 = 59040, 
Then 6880) 59040 (8 d. and 18, as before, 


3. The ſame wrought by Dada! Frottions with be ths; 
__ar{4=#1,5; 224. 10s. 64, =22,525, and = 075 -- 
Therefore 21,5 : 22,525 :: 0,75 : to the Anſwer. 
Then 22,525 x 0,75 =16,89375 
And 21, 5) 16,89375 (0,7857. =155. 8 d. fer. 2 


2 If 2 C. 3grs. 21 lb. of Sagar coſt 61, 1s. 8d. 
Wike will 12 C. 2 grs. coſt at the ſame Rate? 
That is, 2 C. 37 21 lb: 61. 15. 8d. :: 12 C. 29rs. To what? 


4 3 DEE. 
nt 777. 2 121 5. | 52 gre. 
28 OO ann | op — 

TH | „ 1400 lb. 
22 8 121 


v. 55 1460 C.: 2 400 lb: — 


Then. 1460 x 1400=2044000. And 329) 204.4000 (62144 <4 
2 175. 834. the Anſwer required. 


The fame Queſtion Rated in Decimals will Rand 

_ Thus 2,9375: 6, 833 :: 12,5 : To the Anſwer, 
Then 6,0833 x 12,5 = 76, 4125, which being divided by 

249375 will give 25,8863, &c. the Anſwer in Decimals, which 

W Into Coin, will be 25 J. 175. 8 1 . as before. 


Note, ben the fit Term is an Unit er 1 the Queſtion it | 
anfered by Multiplication only. - 


Si Wie 


t muſt I pay for 32 1 Ounces at the ſame Rate? 


Suppoſe I give 5 Sbillings 4 3 for one Ounce of 


That is 1 Ounce: 55. 144. 321 Qunces: To, Cc. 
Then 


Which i is beſt Rated thus 4 * 1 


Part I. 


T ben 3075 x 64 2 2080. 231 135. E the Anſwer required 
For 1 neither multiplies nor divides 
When the ſecond or third Term is an Unit or 1, then the 
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Queſtion is anſwered by Diviſion only. As in this Example. 
If a Silver Tankard weighing 21 Ounces, coſt 5 l. 198. What is 
that an Ounce? 


Thus 210z.: 57. 119. =195.: 234 8d. the Anſwer. 
That is 21) 119 (55. 1 4 


The Proof of all Queſtions in the Rule of Three Direct, may 
de eaſily conceived from what hath been already ſaid; wiz. 
That ho Product of the firſt and fourth Terms, muſt always be 
be equal to the Product of the ſecond and third Terms 
Or otherwiſe, by varying the Queſtion, as in the ſecond, 
third, fourth, and fifth Queſtions. 
3 ſhall conclude this Section with inſerting a few a 
and their Anſwers; leaving their Work for the Learner's Praddice. 


S. Quel. f. What will the Carriage of 17 C. 3 qrs. 11 b. come 
to, at the Rate of 7 5. the Hundred? 


Anſwer 61. 45. 11 2d. 


Que *. 1160 41. 1144 be paid for the Cartinge of 17 C. 
3 777 11 b; * 


nſwer 3 Farthings. 


weſt. 3. & Grant hana. a6 1 gr. 14 lb Weight of Cloves, 
_ the Rate of 25. 4 d. per Pound, and fold them for 521. 145. 
OR EE OO? loſe by the Bargain, and how much? 


Anſwer, he gained 8 l. 125. 


4. A Draper bought e- Merchant eight Packs. af 
Cloth; every Pack had four Parcels in it; and Parcel con- 


tained ten Pieces ; every Piece was Twenty-ſix Yards ; he gave 
| after the Rate of four Pounds fixteen Shillings for 6 Yards. 
What came the eight Packs to, and what were they warth per 
Tard: 
Auſio. They came to 6656 l. And were worth 16s. per Yard, 


. A Merchant bought 436 Yards of Broad Cab for 
Bs, 64. per Yard; and ſold it again for 103. 4 d. per Yard. 
— oen by the 436 Yards? | 


Anſw. * 390, 195, 44. 
Veſt. 


A 


S - "Of Proportion, . 


„ 


n at the 


than 16 Men to do the ſame Work. Conſequently the * 
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th. 


Quel. 6. A Gullfmith bought a Wedge of Gola, which d 
141b. 30z. 8 . for 5141. 45. Wie Bt he way ber Ove 
Anſw. 1 _ 
Aus. 7. What will 48 oz. 17 pw. 20 Grains of Silver Plate 
come to, at the Rate of 5 f. 6 d. per Ounce? 
Anſw. 13 L 1s. 1029. 


Qn. 8. If in four Weeks one ſpend 135. 4d. How long wil 


534. 6s, laſt at that Rate? 


Anſw. 6 Years, 47 Days, 2 Hours, 44 
Ns. 9. What will the one eighth Part of 2 be worth» 
when the half is valued at 1015 J. 105. 
Anſw. 2531. 17s. 6d. 

10. The Sun is ſaid to perform one entire Revolution, 
(or 3 6, cod in the Space of 365 Days, 5 Hours, 48 Minutes, 
and 57 Seconds of Time, called a . _ How 
much deck it move in one Day ? 


- | Anſw. 9 8 . * Se. 
Que. 11. If 4 of a Yard of Velvet coft 3 of a Pound Sterling, 
Whar will & of a Yard cel the fe Pao x that Rt? 
Anſw. 32S, =15. 4d. 
f. 12, Suppoſe 21. and + of 4 of a Pound Sterling will 


| buy 3 Yards and 5 of + of a Yard of Cleth, How much will 4 of 


a Yard coſt at that ma? 


Anf W. 2 of Pendo. oo 


—— 


» « Wen 


Secd. „ 0 e Recpeen Fp, alled 
. 4 The Rule of Three Inverſ _T g 


Y: 


uss Proportion is, when of four Numbers the third (viz, 
that which moves the Queſtion) beareth the ſame Ratio to 
the firſt : As the ſecond does to the fourth. 

Therefore, the leſs the third Term is, in reſpect to the frſt; | 


the greater will the fourth Term, be in reſpect to the ſecond. | 


| EXAMPLE j. 
If fixteen Men can do a Piece of Work in fix Days i How. 


it is plain tha | ite Men muſt needs have more Time 


_— wm ww _— — 4 be . 


* * o -- — Woo. * „ 
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Parl. 


Term be, in reſpect to the ſecond. 
| Example 2. If 8 Men can do a Piece of Work in 12 Days 


How many Days will 16 Men require. to do the ſame = vo 


Here it is plain the fourth Term muſt be leſs than the ſecond, 
becauſe 16 Men undoubtedly can do the fame Work in leſs Time 
than 8 Men can. 

From theſe Conſiderations, compared with thoſe in page 85. it 


will be eaſy to percerve, whether the Terms of any propeſed Dueftion 
are in Direct or Reciprocal Proportion. © 


Fer when, according to the true Meaning and Defign of. any 
Que ion in Proportion, More requires More, or Leſs requires Leſs, 


the Terms are in Dire/t Proportion; as in this laſt Section. 
But if Mare require Leſs, or Leſs require More ( as above) then 
tte Terms will be in Reciprocal Proportion. © 
+ The Manner of placing down the propoſed Terms i is the fame 
in both Rules, viz, The firſt Term in the Suppoſition muſt be of 
| the. fame Kind and Denomination with the third Term which 
moves the Queſtion ; and the Term, ſought muſt he of the fame 


Kind and Denomination with the ſecond Term in the Suppoſition. 
As in the two laſt — 


; Men Dq. An Day | 
: Th a F Example I, 16 a 5 S 8 2— 
us, in J Example 2. 8 : 12 16 


—— 
4 1 4 
1 4 4 


"The Que ſtion being y Rated, obſerve this Theorem. 


Multiply the firſt and ſecond Terms tagether, and 


Theorem. 1225 the Praduct by the aber Term, the ovens 
wall be the Anſwer requined, : 


| Thus in the ſecond Example 12 x 3 = 96. 
| Then 16) 96 (= 6 Days, the Anſwer required. 

That is, 16 Men may do the ſame Work in 6 Days as 8 Men 
can do in 12 Days. 

Now the Reaſon of this e (and conſequently of the 
Theorem) is grounded upon this Conſideration ; wiz. If 8 Men 
' require 12 Days to do the Work, it is plain that one Man would 
require 8 Times 12 Days = 96 Days to do the ſame Work; but 


if one Man can do it in 90 Days, moſt certain 16 Men can 40 it in 


one 16th Part of that Time. Therefore 96 divided by 16 will 

give the Anſwer required, viz. 16) 96 (6 as before, CG. 
weft. 3. Suppoſe 800 Soldiers were beſieged in a Town, and 

their Victuals were computed to ſerve them two Months (or 56 


22 yy) How many of thoſe Soldiers muſt depart the Garriſon, that 
F 


fame Vidal may ſerve e len 5 Months. -. 


= The 


the chird Term is, | in reſpeR to the firſt, te ſe will out 


1 
” 
1 


— — * _— "Ke, 


| The Queſtion truly Gated will and 
Soldiers, Months. Soldiers, 
n 2 : WD: 75 — 


Fl 1600 320 So n may fay in the 

Garriſon. 
_ Conf, ety, 800—3 20==480 Soldiers that ad 80 out of 
the Garriſon, which is the Anſwer required. 


| Queſtion 4- A borrowed of his Friend B 2504. for fax 
promiſing to do him the like Kindneſs upon Demand: Some 
Time after B deſires 4 to lend him 400 l. the Queſtion is, how 


long B muſt keep the 4001, to be fully fatiefied for his former 
| Kindneſs to 4. 


Thus, K L : 6 Months :3- 400 1 — 


490). I 500 (3 Months, 


28 Days in one Month. 
4) 84 (21 Days. Anſw. 3 Months, 21 Days. 


Dueftion 5. If a Penny White Loaf ought to weigh eight 
— Ounces Troy Height, when Wheat is ſold for ſix Shillings fix 

Pence the Buſhel, what muſt it weigh when 8 is fold for 
ſour Shillings the Buſhel ? 


Thus 6s. 6 d. 3 nn. * 45.=48. : to the Anſwer. 
48) 624 (13 c. the Anſwer required. 
144 
144 


- _ | 5 
The Proof of this Inverſe . Rule is eafily deduced from it's 
| Operations; viz. The Product of the firſt and ſecond Terms, 
muſt be equal to the Product of the third and fourth Terms. . 
| ” Note, Any Queſtion that falls under this Inverſe Rule or Re- 
Proportion, may be fo ſtated as to have it's Terms in 


ire Proportion; by only ä the firſt and 
third Terms in the Queſtion, T 
Ain 


== . 4 q AN * * y * * S 4 " 
- 


—_ | 
_ Dueſtion 6. If a Field will feed eighteen Horks for feven 
Weeks : how long will it od fory-wo Bete xt the fue Rate 


df feed 


Na Horſes: 7 Weeks :: 42 Horſes : 3 Weeks. 
- i the Terms are ſtated inverſely, as before. 
_ *" Otherwiſe thus, 42 Horſes: 7 Weeks :: 18 Horſes : 3 Weeks. 

| Theni8x7=126. And 126+ 42 3 Weeks. The Anſwer 


Seck. . Of « d tion; commonly called 

p | Sede ache Rate of There | ” 
mpound Proportion (as it is here meant) is, when there 1 

| Ca Numbers — 4 find out a ſixth R and this 

i generally performed by a Double Poſition; that is, by ſt 

and working the Quetion at at two Operations, either in Dire 

or Reciprocal Propo as the Queſtion requires. 


And refers & it is is called, 4 The a Gn Nals, or Double 
Rule of Three. 


The Double Rule Dire is, when the fixth Term or Number | 


| ſought, is found by two Operations, both of them in Direct 
Proportion. 5 
Example 1. If a hundred Pounds gain ſix Pounds Intereſt in 
twelve Months; how much will three hundred Pounds gain in 
nine Months, at the ſame Rate ? 


Firſt 160 K: 625; 3% : 1 81. 
100) 1800 (181, The Intereſt of 300 L 
„ T dor twelve Months. 
—— * Months, . 
Then, 12: 18 . :: 9: 134 103. 
„ | 
"WF 162 (130. 105, The Anſwer rene. 


I ſuppoſe the Learner will eafily conceive the Reaſon of theſe 
two Operations. For, firſt it is by Direct Proportion, that 
if 100 l. gain 61, in twelve Mo 300, will gin dn the 
fame Time, and at the ſame Rate. 2 


4 


—— — — —— — 
MM 38 
"And by the fame Rule it h plain that if is Monte will we: 


duce or give 18 L. Intereſt for 300 J. 22 needs 
* 134 for che ſame Sum, vIZ. 300 l. : 


The Double Rule of Three Inverſe i is, * the th Term 


or Number ſought is found at two Operations. (as before). 
one of them requires an Anſwer in Reciprocal Proportion. 


Dueftion 2. If 6 Buſhels of Oats will ſerve 4 Horſes 8 Days, 
How many Days will 21 Buſhels ſerve 16 Horſes, - at the ſame 
Rute of feeding? 

, Wee bring parted into two Polions, the firſt wil 

Ik s Buſhels of Oats will ſerve 4 Horſes 8 Days, How many 
Days will 21 Buſhels ſerve them ? . 
Here it is plain, that 21 Buſhels will ſerve them longer than 6 

; therefore the firſt Poſition falls in Direct Proportion. 


6) 168 (28 Days 


That 6 will Horſes 8 Days, 2 
Aron - ah - ” . 


The e den ad be to ind how long the laid 2 Babe 
will ſerve 16 Horſes at the ſame Rate of feeding: it is plain, 
that 21 Buſhels cannot ſerve 16 Horſes ſo many Days as they will 
ſerve 4 Horſes; therefore this ſecond Poſition falls in Reciprocal 
* 


Horſes. Dop. Forfes. 8 
Thus, 4 : 7 the Anſwer required. 


After thelikeManner any Queſtion in the Double Rule of Three 
may be anſwered by two ſingle Poſitions, if Care be taken in 
ſtating them right, viz. Whether their Operation muſt be ** 
4 * or Inverſe. 
: But all | Queſtions i in this Double Rule, where five ders are 
to find a fixth, may more eaſily and readily be anſwered 
one Theorem; which compriſeth both the Direct and 
Inverſe Rules; without conſidering either of them being deduced 
from the ſingle Operations be 
But firſt Sad N Ln, that in all Queſtions of this 
23 of the five propaſed Terms are always conditional 
and 


wich denotes the Space 


NL 


96 th 
and ſuppoſed; "nnd that the other two move the Rod.” As 
for Inftance in Example 1. Ge 

Viz. If 100 J. will gain 6. in 12 Months: Mis hone Lara 
are only ſuppoſed or conditional. "Then comes the Queſtion ; 
What will 300 J. gain in 9 Months? Now, in Otder to raiſe the 


ER * us ſuppoſe, inſtead of FR _ 


P = 100, The Principal. 
1 155 12. The Time. 
G= 6. The Gain. 


| 7 = 300. The Principal. 


\ | 
2 13,5 The Gain. J . fti 


ThenP:G: * ** r 


by the firſt Extream 
5 | | Which is the 
That is, 100 : - 6: 300: 300ub g rh, Part of the 
| 43. — 2 Queſtion. 
92 1 C Which is the 
N rig 1 Part of 
Vix. 12 : : 13,5 the Queſtion. 5 
"Bros 7 2 That is, the Product of the Extreams is 
* 1 equal to that of the Means. 


Conſequently, Tg P-= G pt is the Theorem, 


This Theorem affords two Rules, by which all , Queſtions if 
this Double Rule of Three, or rather of five Numbers, may be 
| reſolved; due Regard being had ve the true placing down of the 
Terms, which muſt be thus: 

Always place the three conditional Terms n 

that — which is the principal Cauſe: of Gain, 13 
Action, Cc. (viz. P.) be put in the firſt Place; that Number 
of Time; or Diltance- of Place, &c. 
(viz. T.) be put in the ſecond Place, And that Number which 
is the Gain, Loſs, or Action, c. (via. ©) be 
Place. Now according to theſe Directions, the cond Terms 
of the laſt n will ſtand thus; P. T. G. 5 0 

That done, place the other two Terms which mars the G 
Lioa, underneath thoſe of the r er 3 


3 Thus, 12 BG 


Y "I... Li * FI * * 
. , 1 4 * . "* 3 * * 
0 * b F. * D y y 25 8 
* 0 - . - l * hs ” X a4 Lay 
8 be th ; | * | ; : * _ 
| _ ” * 9 V7 * * 9 
N 9 * 
- — ; [<8 
EEC Cena : 1 
L ” = . 
* , 4 
\ _—_” = 


Chap. 7. , Of 1 whaattie rc. 


— —— e d ͤ— B ˙*ͥ —— ̃ —— p —2— ——äʒ 


—— ——̃— ͤ&nZ” . 


| Then is Bank e Tere e full der he thi Pe, 
u in this Queſtion, 


twill te 7 


Gpt 


g. Which gives this Rule. 


2 b the three Ii Terms together for a Dividends 
Rule 1. 2 the two firſt together for a __ 6 the — 
arifng from thee will be the fixth Term. 


That is, in our propoſed Example 4. 


Thus 6x 300 x 9 = 162009 the Dividend. 
And roo x 12 = 1206 the Divifor. 
"Then 1200) 16200 (rz + the Anſwer, as before. 


| But if the Blank or Term. ſought fall under the feſt Place, 
then — 
_ will be 7 2 76 A=. . | 1 


Or if the Blank fall ths ſecond Place, 
1 will be 12 Tg? 


2 Either of theſe gives this Rule. 


© Multiply the 255 zcond, and laſt Terms together for a 
Rule 8 Le and the er two together for a N 3 the 
Ruotient arifing from them will be the fixth * Term. 


And becauſe our Example 2. falls under the Conſideration both 
of Direct and Reciprocal Proportion, let it be here propoſed again. 

Fiz. If 6 Buſhels of Oats will ſerve 4 Horſes 8 Days; how 
many Days will 21 Buſhels ſerve 16 Horſes, c. | 

If the Tom of this Queſtion be — down: as before dire 


ed they will ſtand 
. Day. By s Terms i in i Suppoſition. 3 : 
ans the ſecond Place, therefore it muſt 4 
Tb 458 x 21 =672 ages 


And 16x6=g6 the Diviſor. : 
270 Tben 96) 672 (7 . as betete. 


* e. 


Port l. 


5 - 


- Burp. 3 What Principal or ck vid gin 207 i 8 Mens 
Gain, 


at * per Annum 
Prin. Time. | | 
. „ Terms in the . 
"Tis 
ho the Bk falls under the firſt Place, therefore 
x muſt be found bythe ſecond Rule. __ 


Thus 100 x 12 x 20 g 24000 the Dividend. 
And 8 6=48 the Diviſor. 
| Then 48) 24000 (5001. the Anſwer TD) 


The Proof of all Queſtions in this Double Rule of five Num- 


bers, is beſt performed b the ion ; viz. by ſtating 
ii nectar Ob 428 E - Thus, F * 
If roo. gain 64, in 12 Manths, what will 500 J. gain in 8 
Months? 
The Anſwer to this Queſtion muſt be 201. if the Work of the 
—— Ce | 


wo? " : I 


$00 | 
500 x 8 x 6= 24000, And too x 12 = 1200, 
| Then 1200) 24000 (204. the Anſwer, Se. 


weſt. 4. If two Men can do 12 Rods of Ditehing in 6 Days, 
ne Berg ad 8 Men in 24 Days, at the ſame 


Rate of wor Ee: 
_ Anſw. 192 Rods. 


usf. 5. If the Carriage of 5 C. 3 9rs. Weight, 150 Miles, 
coſt 3 l. 5 What muſt be paid for the Carriage of 7 C. 228. 
25 lb Weight, 64 Miles, 2 ſame Rate? 
Anſw. 1] 185.749. 


Queſt. 6. If 8 Men deforve » 1 Wa for 5 Days Work, How 
much will 32 Men deſerve for 24 Days, at the ſame Rate? 
Anw. 38 J. 8:5. 
Auf. 7. 


ppoſe a Hundred Pounds would defray - the Ex- 


1 pences of 3 Men for Twenty-two Weeks and fix Days, How 


would twelve Men be in ſpending of one Hundred and Fifty 
Pounds, at the ſame Rate? ; 
Anſw. 14 Weeks and 2 Days. 'S 
CHAN 


Nr | — * — 


Chap. 8. "Fra. PITT 


CHAP. vn. 


Of Trading i in Company, uſually called the Rule of Fellow- 
Up; a//o Bartering, and Exchanging of Coins, &c. 


T HE Rule of Fellnuſbi is that by which the Accompts of ſeveral 


Partners trading in a Company, are ſo adjuſted or made up, 


that every Partner may have his juſt Part of the Gain, or ſuſtain 
his jult Part of the Lof3 according to the Proportion or Share of 
Money be hath in the Joint-Stock: Now this falls under two 
Conkderations, called the Single and Double Rules of Fellowſbip. 


Sect. * The ' Dingle Rule of Fellowſhip ; viz. That 
Y the RY Rule .of Raug, is 2djuſted the Accomp! 


; of 
B thoſe Partners that put all their ſeveral and perhaps di 

Sums of Money, into a common at one and the ſame Time; 3 
and therefore. it is uſually called the Rule of Fellowſhip without 
Time: Now all Queſtions of this Nature are anſwered by ſo 
many ſeveral Operonns is the, Rake of Thee Dire, as there are | 
„ "Hong be Stock is in f 

Fuer, as the Tot in the Stock is in repertion to 
the whole Gain, or Loſs : 7 every Man's particular Part of that 


2 to bis particular & 2 Gain, or Loſs. 

| ts peri ther of ht Gs B, and C, make a Joint- 

Soo of 56. in this manner. | 

A, puts in 240. B, puts in 32 l. and C, puts in 40 l. with 

this 96 I. they' trade and gain 12“. Ik is required to find each 

od andy Hr ptr A. ay 
nr will ſtand, thus 


Ss $601: 34 =" 
96 l.: 127. :: 151 41. = B's 
$94: fla 


MF... the whole Gain. 
Dat i, if t of each Man's particular Gain, amount to 
14 the Wet is true ; if nat, ſome Error is committed 


dow of the Gain. 


which muſt be found aut. 


Note, Theſe Operations will be very much abbreviated, if you 
work them by Theorem 2. page 87. For here 96 is a common 


Antegedent, _ N in all the chree 
Propartions. 
92 W 


| 4 WM. Ch 
2 "oo 96 : 12 :: 1: 1 A — Fe * 
4 . | Al 
1 | an | 11 before. * of 
4 ; 4 Eo 77 WIS 

4 Now! this Method is more readily petsembe FR (i 

1 ially when the Partners are ha PO. one Tr 

| viſion Br for all the Work. 23 


en 4 + 


3 


2. Three Merch 4 0 Ee 


t a 
240 un of Wine: "F hus, 4, loa 98 T op 3g 
C, 64 Tun, © By Extremity of Weather the Seamen wele 


to caſt or throw 93 Th of it over · bord. How much 6f this 


** 


1 . M743 122 ene 
5 Firſt 248 : 93 1 2-205 37S 3 Multiplier. 


* »Da „ ee £3J. + oo 
* „ 7 

Tok: „ Andy 

. . * : of, 3 1 | | 


= $6>x0 32,25 for B's 
1 _ — K 25 580 for C's 


$$ > Ac 14 


13 10 1 
mah | Praaſ93,00 ebe whole lea. 41 2 
1 1 ;} 20 L [de 6 #* Sus 7 | | LET 


eiiie e to id bet. th remaining 
= Win that was faved, belongs to 4, N ng 


«ga ** 


a * * * * 


3 f: 368615) n 
1 86 — 32,25 83 ˙8 ez * 
4 64 — 24,0 2 48, 0 


. 


bat is, 4, ought. to have 61 Ton and FA Gallons. . ought 


to bete 31 Tun * n n * 
of what was left n 2252 


C 
. 


r </ 


1 Quell. 3 Suppoſe fix wiz. . 4, B, G, . E, and. F, make 
1 Perseck of 25 58), 


Fi 
L ay Dainsb. 
694 * | ; 
$43 + = 54575 3 er 
480 . '00 =480z00 * e ee 
254. 10 2 254 ,᷑ „„ n 
365 05 e 


. — 266,00 | 


Thus £- 
. 


a 
my 


i 0 4 3 F ER a" hs £ _—_—— - * 
e 1 * K AY 2 by 9 
. — 
og . 
« 
a "i 4 4 
. 
hn. „ 
TILES 8. ä OGs Roo SS N 3 * _ 
Ch Pp. 1 


SN 
With this Stock of 25584. x 12 eighteen Months, — 

pin 1 10.7 5. "Ie req every þ an's Part or Share 

of that Gain. 

Note, Although the Time of Fred viz. . Months, be 

mentioned in th Pueftion, yet it 15 10 


Win can 
it ; a5 you, may erve in the fi Wok WOT ROY 


Firſt, 25581. : 2 :: 1, : 0,325 Decimal Parts. 
y. 11. :, 325 :: 654,5 : 2127125. That is, 


654,580 21271250 A. 
4 7 % 146,775 . 
48, f „ c 6, οο f . 
254,50 [ 8 2.71250 1D. 
365,25 118,706251 E. 
260, oo | > $4,50990 SER” E. 1 * 
3 54 3:3 7 | 256 29385 | 
fa parts. „ wy 2 
T hat is, 4 212,125 8212 5 J 1 
: 176,7#877=176 14 8 2 L 


PINE 156. 0% 
271350 5 82 , 14 8 „ 

| 1187 70526 =118 5 m 

211443 SB” _ & — 84 © 10. 0 


Proof. Sum 831,35 2831 . 07 . oo 


1 have omitted reſolving this ; Queſtion according | to the ab 
Method (as before directed) of finding every Man's Part 


of the Gain 2 W the Golden Rule, as in a he rt Work TIO . 


* „ 1 3 


feng chat or the Learner's Practice. . 
* — ͤ œ4—E— — PDE TIE" 
ea. 2, 15. Double Bent Fellowſhip or that wit 
5 N ern bom 


Tais cally calle bel Bak of isse becauſe 
y-patticulac Man's Money's to be canfidered with Relation 8 
to the Time of it's Continuance i in the Joint-Stock. - | 


5 1. A, and B, join in Partnerſhip theſe Terms, 

* agrees to lay Age and. to ee ir in Trade 3 3 
fonths: Then B, is to lay down his 1007. and with the whole 
tock of 200. ' they are to trade 3 Months more. .. Now at the 
d of that Time, they find their whole Gain to be 217, It is 
required to new what each Man's Part of the Gain ought to be, 


— nn. E. 


. 
e 12 EE. „ „ . mag - 


— — 


1 —— I. 


Here it is but reaſonable to conclude, that 4, 7 to gain 
more than B, notwithſtanding their Stocks of Money are equal ; 
becauſe A employed his Money a longer Time than B. 
Now for "lving of this Queſtion, let us ſuppoſe A's 100 l 
employed the firſt three Months to gain Z= a Sum as yet unknown; 
then it muſt gain 2 2 in 6 Months; and to find what B, muſt 
ga, | it will be, 


I. Month 


„ 224. Gain | ; „ : 
100 | . -.to#s Gain ver Rule 1. Page 97. 


— __ = B'sGain 
100 x 6 — . 


E — 


| But Fs Gaia added to B's Gai muſt 211 the whole Gain 


by the Queſtion. ; gg, jo 
Therefore 2 Z+ 1 . q 


That is, 160x6x227160'x3x2Z=21 100 x6. 
Which contratted is, 900 x 2Z=21 600. 


21 * 600 


Conſequently, | 2 "geo „ which gives the 4 


7 ; FR 
 Fiz..goo: 21 :: boo; 2Z=14l. for 4s Gain. | 
And 900: 23 %%% 388. 74 for B's Gain. 


| Now this wa; 
Queſtion, but i alſo (and demonſtrates) a general Rule 


EE ITAL 
___ 


- Multiph every particular Man's $teck, with the Time it 
it employed, then it will be, 4 the Sum of al 


a. | r Nee 
ET Rare of ih 


Quin 2. Thee Merchants 4, B, and C, enter inte Partner- 
ſbi thus ; 4 puts into the Stock 65 J. for 8 Months; B puts in 
78. for 12 Months; and C puts in 841. for 6 Months. With 

theſe they traffick, and gain 1667, 12s. It is required to find 

each Man's Share of the Gain, W to the Stock and 


ve of employing it, | ” torn 


— 


1. 4a 


2 g bath not only reſolved the preſent 
ds 


Products Is to the whole Gain (or Lo So is every | 
Hart f that 


5, 1 


n * 


ſtand thus, 


——— —k—k—Ik 


2 


1.45) 55 J. x 8 1325 
2. Sbst. * 4255 45 Time n 936 
3. C6 84 l. X 6 83 

4 The Sum of thoſe Products i is, , 1960 
Then, according to the Rule, the ſeveral Proportions will 


520 : 44,20 2 44. 45. od. } „ 
1960: 166, 6:: wy 79,56 2 79 l. 115. 23d. I 
77 504 : 42,84 = 421. 165. 949. C. 
The whole Gain = 1661. 125. od. 


Or you you may work as in ſome of the former Examples, viz. by 
finding the N Part of the Gain due to one Pound, c. 


Thus 1960: 166,6 :: 1: 0,085 the common Multiplier. 


„ 3 
i = 936 x0, = 79.560 Je &c. | + below. 


504 42,84 CC: 
in Pina Six Merchants, vis. A, B, C, D, E, and F, enter 
artnerſkip, and compoſe Joint-Stock in this manner 


<p 
64. 10 
78 . 15 
100 , oof 
1}: 80. 10 
171.12 
136 16 


They traffick, and gain 2581 18. 42 d. It is required to 
find every Man's Share of the Gain, according to the Stock and 
Time it was employed. 


The ſeveral Stocks of Money, * their reſpective Times be- 


Months. 


SON 


ing firſt brought into Decimals, and then multiplied 2 | 
will produce theſe following Product. | 
7 Mons. my 
64,59 x 4x59 4 1 290,25 


78,75 x 6,00 

} 100,00 x 8,25 
30, 50 x 12,00 
74,6 x 9,50 708,70 
125,15 x 7,00 880,25 


| The AY of thoſe Products = 41 42,70 
'T hen 


472,0 
825,00 


the Time it was em- 
1 966,00 


piged — 


"Then if you _ by the common Way; it will be 
4142,7 : 258,91875 :: 290,2 BE hands 24.9434. 
for s Part of the Gain; and fo on for the 
* if you work by the eaſieſt Way, viz. by finding the pro- 
art of the Gain due to one Pound, 


| . 4 : 258,91875 f 1 : 0,0625, 
. 290,25 B 18, 140625 18. 02, 094 | 


472,50 | 29,531I250== 29. 10. 074 
825, oo 51,562 3 11. 03 


DN 


966, oo ene 60, 37 500 60 ; 07 , 06 | 4 
708,70 144293750 8 44. 05. 101 
— ; - $5,015625 = $5 . 00. 034 4 


The whole Gain = 2 258.18. 041 
Theſe few Exa 


mples being well underſtood, are ſufficient to : 
ſhew the whole Buſineſs of Fellowſhip, &c. 


— 2 


Sed. 3. of Bartering. 


WI EN Merchants, or Tradeſmen, exchange one Commodity 
for another, it is called Bartering ; and the only Difficulty in 
this Way of dealing, lies in duly proportioning the Commodities to 
be exchanged, ſo as that neither Party may ſuſtain Lofs. 

Dueſtion 1. Two Merchants, A, and B, Barter; A would 
exchange 5 C. 3 gr.. 14 pound of Pepper, which is worth 31. 105, 
per C. with B for Cotton, worth 10 d. per pound Weight; how 
much Cotton muſt B give to A for his Pepper * 
Note, In order to the reſolving of this Qugſtiun (and all other 
| Dueftions of this Nature) you muſt firſt find, by the Rule 12 
| (or otherwiſe) the true Value of that Commodity 
given (which in this Queſtion is Pepper). Aud thet find bow per 
of the other Commodity will amount to that Sum, at the Rate pro- 


prſed. 


Firſt 5 C. 3 gr.. 141b. = 5,875 . 
And 317 105. o d. = 53875 le Decimal. 25 


The 1 X 21 5,875 ꝛ 20,625 2 20. 113. 34. the true 


Value of the Popper. 


Next it is eaſy to concrive, that 4 ought to have 2s nd 
Cotten at 10 d. per Pound, as will amount to 204. 11 34 
which may be thus found ; 


10 d.: 7 1 Ib.; 23 81 115. g 5 49325 b. 


| That | 


1 a 


—O 


2 — 


That b, 1. 67 þ one of ee: And ſo much Kr 


. in exchap ſor his S ei, i: 
y effion 2. Two Merchanns 7 40 F. arter 2 7 
96 n Cloth worth 95. 24. er Yard ready M 


but 1 be will have 115. 2 ard. B bach Sl 
21. 1 d. per Tard ready Money ; it is required fo find tow 
many Yards of the Shalloon E muſt Five to for his Cloth, to 
make his Gain in the Barter equal to that of 4. 
| The Method of reſolving this, and the like Qyeftions, differs 
a little from the laſt Caſe ; for in this you muſt firſt find what 
Advance B ought to make per Yard his Shalloon, in propor- 
P 
bog 2 d. J. * d. 4. J. 4. . | 
2=110: 8 - yp #2. © +» 
the 5 Price for a Yard of Bs Shalloon. Then proceed 
n before in the laſt Example. 
Thus 1 Yard : 115. :: 86 Yards: 9465s. = 474. 6 s. the ad» 
vanced Value of all the Cloth. 
Next, If 2's. 64. will buy one Yard of Shalloon, at it's ad- 
vanced Price, how many Yards will 47.7 6s. buy. 
Thus 2, 5 1 :: 946: 378,4 Yards. - 
That is, B * give 284 Yards of his Shalloon to 4, for 
| his 86 Yards of Broad Cloth. 
| Theſe two Examples are ſufficient to ſheyr the Learner, that the 
Method of bartering, or exchanging Commodities for Commodi- 
| ties, wholly depends upon a clear Underſtanding of the Golden 
Rule ; which indeed | is fo called, NEW of it's Univerſal Uſe. | 


* 


U ; 


Seck. 4. 0 Exchanging Coins. 


|» Xchavging the Coins of one Country for thoſe of another, is like 
the buſineſs of bartering Commodities. That is, it conſiſts in 
finding what Sum of one Country Coin will be equal in Value 
to any propoſed Sum of another Tad Coin. And, jn order to 


that, it will be v y. to have a true 25 unt at 
7 of the juſt 2 he of . Coins, which whe 
e they art Vaſue With our E 5 Coi 


* — at all cn ey mY Par n . we 


* 2 


766 


Tho that dere 0 be flly Bügel in the common Values of 
Foreign Coins, Weights, Meaſures, &c. may find them in a Book 
called the Merchants Map of Commerce, which for Brevity fake I 
have omitted — ab bbc, 2 few of Coin. 


_— — 2 


0.0. 2 ok 
12 Danes = 1 Sn O 0. OA 


3 Livre = 1 Crown =|o . 

Low-Country Coin. A A Stiver =(o . 
6 Sttvers = 1 Flemiſh Shilling —= ". 

20 Stivers = 1 Cilder = 0. 

10 Gilders = 


. OLA 


4 m ; 
70 


I 
yew 


wo who 


The Livre at rink =o ©. 
Venice Ducat de Banco o. 


+1 


s 
The Valencia Ducat =o . 
The B ergonta Ducat =| 
The Portugal 75 oon = 
The Piece of ight %o. 4 


| Nate, The Frets generlly reckon tex Exctang 
Countries by Pence, viz. other Countries de 
Dollars, or Ducats, &c. 22 Engliſh Pence. 
r whom 


2 How ae Bleu at 4. 64. per Dollar, 
. bow for 1620, 185, 


O Sn owes G e O » 00+» — 


- 


Re o MOTO O8 0 * 


76 


A IP 


_ per 


__— 4 5. 


Chap."8. | Rule of Fellowlhip, we. SR | 
Thos 1684 18 . 2 3255 A. and 4. — 
3 Tben 54: 1 :: 3258: 724 the Anſwer. 
@ Ducats, of 5 f. 64. the Ducat, 
cats, at 4s. 4 d. the Piece? | 
Anſwer 216 and 31. 8 d. over. 
Thus 5 . 64 = 66d. and 45. 4d. = 82 d. 
Then 275 x 52.= 14300 d. = 275 Ducats. 5 
8 66) 14300 (216 J the Anſwer required. 
* Traveller would change 2331. 16s. 8 d. Sterling 
Venice Ducats at 4.5. 9 1 d. per Ducat; How many 
Das — he have? Anſwer 976 Ducats. 
_ Thus 45. 944. 5756 d and 233. 16s. 84. - gh 
Then 57,5 d.) 56120 d. (976 the Anſwer required. 


oof. 4: A Caftier- hath received 759 Ducats, at 7 l. 64 
ucat; And 579 Dollars at 4s. 8 het: Dollar : Which he 
would exchange for Marks at 14 5. 34 ber Piece: mates 
many ought he to have: Fs, 
| 72 Anſwer 589 Marks, and 154. over. 
Foro bd. md and and 4s. 8 d. = 56d. ; 
Then 1 =w = W210s the Value of the Duet 
Fe 579 x 56 = 32424 d. the Value of the Dollars.” 
their Sum 100734 l. | 

And 145, 3 d. =171d. the Flemiſh Mark in Pence. 
Conſequently 171) 1007 34 (589 Sc. the Anſwer required. 


DPueft. 5. A Bill of Ex was at London for the 
Payment of 400 l. Sterling, for the like Value delivered in Am- 
flerdam, at 11. 13 s. WWW 


1 ä 
5 5 | Anſwer 670 l. Flemiſh. 


ue 13s. 6d. 40 d. 
Then 240 492 :: 400: 670 the Anſwer required. 
6. When the Exchange from con ub: is at 


74 2 for 1 /. Sterling; How many Pounds 
Sterling eaſt be paid, at London ; W Tu at 


| Anſwer 192 l Sterling. 


Th 24 742 295 4 and 1 404, 3 
k Then a 295 : 240 :: 236: 192 the Anſwer. 


1 * | F 2 N. 


2. How many Sara 
may be bad for 275 Bergonia 


$1224 | Pare l. 


. — 4, >»; << Wo * 


Sl. 7, 7. Ten 4 ivered at Londen 120 l. Sterling to 
receive 135 — ns a „ © ing 


; valued at, in 
r | E Anfer 11. 45. 62. 

Thus 129 : „ 105 I. 44% 4 BT =1.4s, 64. Sc. 

Dueft. 8. A Factor bath fold Goods at Cadiz for 1468 Pietes 
of Eight, valued at 45. 6 +4. Sterling per Piece; How much 
rn CATION amount-to? 

. Anſwer 3334+ 75. 24. 
Thus, if I = 545 4. then 1468 x 54,5 83006 4. c. 


9 A Traveller would have an equal Number of Crowns 
at oF % per Crowrt ; and Dollars at 4 5. 5 d. por" Piece; How 
many of each ſort may he have for 309 l. 88.75 


Auſwer 624 of each. 
Thus 2091. gar 4256 4 


. And: 5 Cd. +45. 54 119 
Then 110 74256 (624 the Saule, requi 


neft. 10. Suppoſe 1 would exchange _ 17 5. 6d. 5 
Dollars at 4s. 6 d. 2 Piece, Ducats at 5 6. 8d. a Piece; and. 


Crowns at Gs. 14. 4 Piece; and would have 2 Dollars for 
1 Ducat, and 3 Dollars ſor 2 Crowns. How many of each fort 
. | : — 


Anſwer 927 Dollars, 463% Ducats, ind 618 Crowns. 


544 = 3 Dollar. 
12 Ducat. dom en. 
734-=4,Crown. 3 . 
And 726690 4. = $27 A 17 6. 


3 if the Crowns, Yollars, and Ducats. were to he 


Number; then ik, of et muſt have been the Diviſor, by 
which 126690 muſt have 


have been the Anſwer to t ah. As in the laſt E 
But here inſtead of their N. ſuch Parts of them 


muff be 


5 NN DN rm dich cnt 


3 Dollars for 2 Crowns, 


Therefore it. 8 of » Duct far in Dol, and 1 f 


See due Dollar 
= 5 Conleqpently, 


equal in 


divided, and the Quotient 14 
„ 


taken 2s are afftgned dr limited: by the Queſtion; that fo the 


(Ani ant breaſt 5 alin Eier. *. 


128814 


=* 


— — 


the Diviſor to find the Number of Dollars. 
Thus 70 126690 (927 the Number of Dollars. 
Then 4 of 927 = 463 is the Number of Duets. 
And $ of 927 = 618 is the Numiber of Crowns. ot 


Or if you pleaſe you may erm Divilors to: e the 


Ducats or Crowns firſt; For if it be 2 Dollars for 1 Ducat, and 
3 Dollars for 2 Crowns, as before ; 


Then will 6 Dollars be for 3 Os, oy 6 Dollars for 4 


Crowns. 


Therefore, | 44:82 will be for x Cen. 


Conſequently, . + of 68: + 72 205 will be the 


Dinter to find. the Crowns fir & 


C. 


weſt. 11. A Caſhier is to receive 500 l. He is offered Crowns - a 


at Gs. 1 1 d. per Crown, which are worth but 6s. Or he m 
have Dollars at 4 f. 5 d. the Piece, which are worth but 4s. 4 


Which of theſe ſhall he teceive to have the leaſt Loſs ? And how 


much will he loſe in the Payment? 


1 Crown = 2 d. 
* + 1 Dollar dy enge en Val, 


1 1 Crown = 73,5 d. 
24 1 Dollar 330. J dhe advanced Values. 


Nom td fad which will be the leaft LoG; ünd what the ad- 


vanced Value mn N to 08 in Proportion to that of 
1 Crown. 


Thus 72: 225 52 53.•6 c. But be may have Dollars 


Pn Dae therefore the f. . nn 


53 is leſs than 53,083 &c. _ 
Next, to find be the whole Loſs will be by receiving Dollats, 


| Becauſe the 300 ,. = 1200004. is advanced as much above the 


true Value, as TC R therefore ſay, If 539. ad- 
vance 1 d. 5d. — 52 d.; will 120000 4. advance? 5. e. 


7 1 d.: 100 2264 5 4. =91. 85.4 & 4. = the 


1 

| and 7 Dollars; and at another 
Dollars for 

Wie "hy 


ime I have 4 Crowns and 3 
IT. 15 4 each Wein with the firſt. 


'Vidue ol a Crown, * 


Conſequently, A 1 we of. 3 or vin be 


9 
4 
= 
+ hy 4 
44 ; 
4 8 
.= 
= 
* 
5 
4 
* 
«4 - 
1 ] 
: 
FT 
T7 — 
4 


F 10s. 8 "ERP EY 


Firſt | 


Fut 11 —— whd's 
Second 2 Crowns ＋ 3 Dollars = 420 d. J — 
Then in order to find the Value of x Crown, you muſt caſt off 
the Dollars by making them of the ſame Number; Thus, 


33 Crowns-+-21 Dollars = 3270 d. the firſt multipl. with 3. 
. 2. Dollars = 2940 4. the ſecond multipl. with 7. 


28 8 Then 5 Crowns S 330 J. being the Difference. 
N 330 (66 2 5 s. 64. is the Value of 1 Crown, 


rowns = 204 d. 
Then will Dollars = 420 d. — 264 d. = 156 d. 
Conſequently 3) 156 en 44. the Value of 1 Dollar. 


LY 


— — _— —— OR 


CHAP Ix. 
Vo * Aiigaion. 
: W HEN it is 


together ; as dil 
or Metals; or to 


4 2 1 
portioning ſuch Mixtures, is called 'the Rule of 
Da e DO CIIE alled Made and rat 


we Ligen, Medial, is * I which the Mean Rate or Price 
= of any Mixture is found, when the particular Quantities of 
the Mixtures and Rates are given ; and is thus 

- Firft find the Sum of all the Quantities F 
And alfo'che, Simi of all their particular Rates. * 


87 = Then he Froparin will, | 


4s the Sum all the Duamtities : 3 


Kats 2 it any — 1 
* Paus of that Part. * * 


#. 1. Suppoſe..15; Bocheb of; Wheat at. 5.x; die Rachel 
and 72 Buſbels of Rye at 36. 64 mm. - 


Ai 


— 


| 2. 


Chap 8. —«ĩ. &c. 214 


What i the Mean Rate or Price, it may be fold for a Nd. 
without Loſs or Gain? 


5 This Queſtion prepared as directed above will ſtand VIA, 
Th $15 Bude of Wheat a 5». or Buſh, comes to 909. 
nus 712 Buſhels of Rye at 3s. 69. each, comes to 504d. 
| 27 = their Sum. And their total Value = 1404 4. 
Then 27 Buſhels : 1404 d.: : 1 Buſhel: arne the 
Anſwer required. 


Queſt. 2. A Grocer mixeth 36 Pounds of Tobacco, » worth 1 4 
6 4. a Pound, with 12 Pounds of another Sort at 2 s. a Pound, and 
12 Pounds of a third Sort at 1 s. 10 d. the Pound. How may. he 
ſell the Mixture per Pound ? : 


„ Pence. 
36 . K 1 © 3 
. Fit fl, „ „eee 5 
„ie | 264 
60= the Number of Pounds. Their Value =1200 . 
Then 60 lb: 1200 d. :: 1 Ib: 204. =15. 89. the Anſwer 
1 A Vintner mixeth 31 Gallons and a half of Malaga 
. 6 d. the Gallon; with 18 Gallons of Canary at 
6s. 9d. the Gallon; 13 Gallons and a half of Sherry at 5 5. "he 
Gallon ; and 27 Gallons of White Wine at 45. 3 d. the Gallon. 
It is required to find what one Gallon of this Mixture is worth. 


4 Pence. 

| 31z at As . 6 2835 
6 18 at 9 TR 1458 
Firft. 1055 at 5 e aches 1 810 
27 at 4. 3 11377 


Os do the Number of Gal. Their Value = 6480 
Then 90: 6480 :: 1: 72461 the Rate or Price of one 


55 Pro of lO of all os i hls So Sore of Manure mw 
by comparing the Value ng fold at the Mean 
Nute) total Value of - the particular — r. | 


Ss. 


— 
, . 
118 3 
£ Ci 


: 
| II RL ——ͤ ͤ —ꝑ —ä—j——ẽ 
— 
8 


Seck 2 07 aligation Aternte. 


Ae Alternate, i is that by ich the — Quantities 

— 1 — An any Mixture are found; 

weben the particular Rates of every one of thoſe Ingredients, and 

the mean Rate are given ; being (as it were) the Converſe to Alli- 

Medial; as will appear ” the OY Operations, which 

admit of three Caſes. 

Caſe I. The Particular Rates of any Ingredients propoſed to be 

| mixed, and the Mean Rate of the whole Mixture being given. 

To find how much of each Ingredient is requiſite to compoſe the 
1 ; when the whole Quantity, or any Part thereof, i is not 
| 
4k weſt. 1. How much Wheat at 5 . the Buſhel, and Rye at 35. 
6 4. the Buſhel, will compoſe a Mixture that may be ſold for 4 s. 
4d. the Buſhel ? 

Note, In all Dueftions of this Nature, it will be convenient to 
Place the Mean Rate ſo, as that it may be eqfily compared with the | 
particular Rates, in order to find every one of their Differences from 

_ the Mean Rate, by Inſpeftion only. 


Thus, the Mean Rate = 52 d. 2 22 


Then tale the ſeveral Differences between the Mean Rate, and the 
Particular Rates; ſetting down thoſe — Alternate, and 
they will be the Duentities required. | 
60 1 110 2 32 — 42 
Thus 5 15 6] 5 = at, 0 — 52 

That is 52 — * — 10 for the Quantity of Wheat. 

And G6o-—52= 8 for the Quantity of Rye, * will com- 
pole the Mixture required. 


The Proof by "I Medial. 
Add 1 10 Buſhels of Wheat at 60 d, per Buſhel 600 d. 
5 8 Buſhels of Rye at 42 d. 5 


D Number of Been. 366. BY 
Then 18: 936 :: 52 d. =45. 40. the Mean i 


Note, Altho' 10 and 8 do anſwer the Queſtion, 28 2 | 
pears by the Proof; yet they are not the only two Numbers ; fo 
this Queſtion, and all others of this Kind, will admit —* 
Anſcers, and all whole Numbers; for any two Numbers that are 

c 


vin. g 


Chap: 9. Of. dagen. 75 113 
X 3 — 
5 995 . : Tz n 97 4+ f 2 
Vir. 10 + 3.2: = : 16 Ge. 42 


* "'C nk; 30 
yy 2 Abb een 
viz. One 


Sort of 18 d. per 1b, another Sort of 22 d. per lb, and 

a third Sort of 2 s. the Ib. How much of each Sort, muſt he take, 
that the whole Mixture may be fold for 20 d. the Pound? 

' Having ſet down the given Rates, as before, then find each of 
their Differences from the c 
Differences alternately. 

18 1 
Man Ras oY; A 
24 2 2 20— 18 | 


Theſe Differences, 6 . 2 - 2 are the Quantities required. | 

7 3 6 lb of Tobacco at 18 d. (1081 

3 enn? 1 Pte ess J 4 44> 4. 
5 2 bb at 24 d. 1 on, Þ ; 433 
10 =the Number of Pounds. Their Value = 200 . 

| © Then 16) 200 (20 the Mean Rate. S 
Or indeed any three Numbers that have the fame Ratio to one 

another as 6 "IS 5 


12 15 3 | 3 
That is, 6:2: c. | 8 
| +7 1. | 


— "ENS 


But if only one of the three given Rates had been greater than 

the Mean Rate; as ſuppoſe 14 d. per Pound, 18 d. per Pound, and 

; 244. ber Pound, and the Mean Rate 20 d. as rnd Then their 
Dillerences muſt have been placed, | 


Thus, . 
| wo 6 +2 


Que. 3. A Vintner would make a Mixture of , worth 
7.5. 6 d. per Gallon, with Canary at 65. 9 d. her Gallon; Sherry 
at 5s. per Gallon, and White Wine at 45. 3d. per Gallon ;7 
Wh at Fe of each Sort muſt he take, that the Mixture my 
ale r 6. per Gallon? ?; 
gt ut" anger pe what it to-mix 
four Things together, two of them having their Prices greater, 
2 has the mean Rate: you muſt always allignte-or | 
«il Q compare 


4% 25 before. 


„ © 4 4. 4, ad MY 


114 | 


r made * 


ſetting 
22 6— res) aeder this 
Section. 


21 =72 —51 


COT = 51 4. «3 18 =g0 — 72 


Sherry 60 d. 
Canary 81 4. 12=72—60 


Hence 21 Gallons of Mal: J 3 9 of Sherry, wid 18 
of White will compoſe the 


me 4} £1: Me 8 
ora, 18 — Mort 741855 = will, * "5 
White 51 4. 5 White e 


| Either of theſe Mixtures equally anſwer the . which 
may be caluy tried as before in the laft, & | 2 WF | 


| Coe, The. particular Rates of all 8 
to de mixed, the Mean Rate of the whole Mixture, and any one 
of the Quantities to be mixed being given: Thence to 550 how 


much of every one of the other e rn ls campers | 
the Mixture. 


Note, This is uſually called Alligation Partial. . 


| Oueſt. 4. How much Wheat at 5 1. the Buſhel, muſt be mixed | 
with "2 Bulbel of Rye at 35. 6d. a Buſhel; that the whole Mix- 
ture may be ſold for 4 5s. 4 d. the Buſhel? 
In this Caſe you muſt ſet down all the particular Rates, with 
the Mean Rate, an rd heir Differences jult e befor without 
b ne er 
| Wheat 60d.] 110 . 
Tus, Mean Rate 52 4. { Rye 43 2 
. the Quantity found by the Differences of the 
Then Name with the Juantity given : Is ket a of th one 
So is any of the ot Lili frund h the Difference: 
To the Duantity of it's Name. 
7 Thus 8 82::10: 155 the or Number of Buſhek of 
Wheat required. | . ny 
"Queſt. 5. e 6 d. the Gallon, 
5 dhe Galloo, and White Wine at 4. 28 888 7 


mixed wit 18 Gallons of Canary at 6. 9 d. 1 a 
de Tg * 


9281 —72 


e's 


Gaps. 9. = ligation, — bak 2 
| The Terms being fer down, Et. as before, — 


| Malaga 90 d. 
Thus, Mean Rate 72 4 4 * iis 


99 ns 111. 
54 4 Gallons of Malaga. 
"Then, a8 12: 18: 18 27 Gallons of White. 
133 Gallons of Sherry. 
Töbhat is, ui oF hea n 
of Sherry, being mixed with 18 Gallons of * make the 
2 e 


Or thus, 72 2 Tt 15 
White 51 1 
_— : 10 £ the Malaga. 
Then, 21:18:: 55 15 2 the Sherry. 3 


15 7H the White. 
| Gallons. Pence. 
10 £ 8 ons M 
15 & at god. 925 
Px 4 7 34 at 72 — 393 3 
18 at 81 d. 1458 
Sum 51 2 Value = 3702 1 the Mean Rate. 


. Then 52 &A) 37023 (72 4 = 6s. | 
Therefore the Quantities are as truly aſũgned here, as in the 
laſt Work. 


| Caſe III. The particular Rates of all the Ingredients propoſed 
to be mixed; and the Sum of all their Quantities with the Mean 


Rate of that Sum being given; to find the particular Quantities of * 


the Mixture. | | 
This is called Alkpation Total, and is thus performed. 
Seen bil ioeantcaler Ranks, with che Mexn Rive, and find 
their Differences, as before : add — hr Ds 


one Sum ; 
" 4s the Sum of all the Difference: : Is to the Sum of all. the 
"ol Tip given :: So is every particular Difference : 
o it's particular Quantity. 9 
Let it be required to mix Wheat at 5 s. the Buſhel, 


8 Ry 1475 4. 64. the ; fo that the whole Quantity may 


19 5 to be ſold for 45. 44d. a Buſhel ; * 
Mean 


ach m ————— . 


8 


3 Sum. 


: n! 


Then 18:27: 22 


the lon, with Canary at Gs. 9 d. the Gallon; Sherry at 55. the 
Gallon, and White Wine at 4s. 34. the. Gallon; ſo that the 
whole Mixture may be 96 Gallons ; to be fold for 6 5, the Gallon : 
How much of each fort will compoſe that Mixture? 


| Malaga 17115 
Mean Rate 72 d. 1855 81 Fr, 
Sherry 60 f C12 |, TO 
"-60 ba K 
Malaga. 


9134 


8 
= 


Sherry. 
_ CCanary. 


ON C21: 315 
| Then e Jene 


Fo 


5o their Sum. 


„ ieee 68 mk © Malaga. 
" BT Sherr 
Then 60 go: 4 2 * ſenr, 


9134 White Wine. 


Either of theſe Ways do equally anſwer the Queſtion, as may 


be eaſily tried by Aligation Medial. As before, c. 
Note, The Work of theſe P 


ly xwben there are mam Ingredients to be mixed) if you 6b 
Hl oe 1 as "OTE in the Rule o Fellow pg 


n very ſame E 
Medial, and Alternate, throughout the three Caſes 3 being, as I 
preſume, much better. than if the 15 had been different ones; be- 


cauſe the Learner may (if he conſider a little) eaſil 
nat ly the Bree beer th CO br ail hens 


: * 15 F the Quantities required. © 
* 7. Suppoſe it were required to mix Malaga at 75. 64. 


— aloe 


es boch! in Aae ; 


— a — — — - 
Chap 10. Of Petals, Gzavities, &c. , 117 


the chief Difference of each Caſe in the Alternate Rule depends, 
Cc. Not but that I could have inſerted many various Examples, 
as alſo the Manner of compoſing Medicines, &c. which, for 
Brevity, ſake I have omitted, and refer thoſe that deſire to ſee 
into that Buſineſs to Sir Janas Mer“ s Arithmetick, wherein he 
will find it largely handled. And fo I fhall conclude with Alli- 
gation Alternate, which altho' it gives true Anſwers to Queſtions 
of that Kind, with ſome little Variety, according as the Ingre- 
dients are more or leſs in Number ; as appears by the foregoing 
Examples; yet it will not give all the Anſwers, ſuch Queſtions are 
capable of, nor perhaps thoſe which ſuit beſt with the preſent Oc- 
 caſion: Nor can this Imperſection be remedied by common 
Arithmetick; but by an Agebraict Way of arguing it may; 
whereby all the pofible Anſwers to any Queſtion may be clearly 
— eaſily diſcovered ; as ſhall be fhewed further on in the Second 


CHAP. L. 
coe Petals 4d ine: Dpecifick Gzavities, &c. 
Seck. 1. Of Gold and Silver, 


DURE Gold, free from Mixture with other Metals, uſually - 
called Fine Gold, is of ſuch a Nature and Purity that it will 
endure the Fire without waſting, although it be kept continually 
melted : and therefore ſome of the ancient Philoſophers have ſup- 
poſed the Suy to be a Globe of liquid or melted Gold. | 

Silver having not the Purity of Gold, will not endure the Fire 
like it : Yet Fine Silver will waſte but a very little by. being in 
the Fire any reaſonable time; whereas Copper, Tin, „Ee. 
will not only waſte, but may be calcined or burnt to a Powder. 

Both Gold and Silver in their Purity, are ſo very flexible or 
ſoft (like new Lead, &c.) that they are not ſo'u either in 
| Coin, or otherwiſe (except to beat in Leaf-Gold or Silver) as 
when they are allay'd, or mixed and hardened with- Copper or 
Braſs, And altho' moſt Places differ more or leſs in the Quantity 
of ſuch Allay, yet in England it is generally agreed on, that 


Standard 


Standard for Gold, 


4 CN of Fine Gold, and 2 Carracts of 
melted ſhall be cliremed the true Standard for Gold Coin, 
c. (The French and Spaniſh Gold being very near of the ſame Stan- 
dard.) That is, if any Quantity or Weight of Fine Gold, be 
divided into Twenty-four equal Parts, and 22 of thoſe Parts be 
mixed with 2 of the like Parts of Copper; that Mun is c 


e Standard Gold. 


- Whence you may obſerve, that a Cartact is not any certain 
Quantity or Weight, but Part of any Quanticy or Weight ; 
and the Minters and Goldſmiths divide it into 4 equal Parts, which 
they call Grains of a Carract; alſo they 3 one of thoſe 
Grains, into Halves, Quarters, _ 


Standard for Dflver. 


Thema Ounces and Two Penny-weight of Fine Silver,and Erb- 


teen Penny - weight of Copper bong melted together, is efteemed 
the true Standard for Silver Coin, called Sterling Silver. And ſo in 
Proportion for a greater or leſſer Quantity; which is a leſs Pro- 
portion of Allay for Silver, than the other is for Gold, 

| Nate, When either Silver or Gold is finer than Standard, it is 
called Better; if coarſer, it is called Worſe ; and that Beteerneſs 
or Worſeneſs, is reckoned by CarraQts and Grains of a Carra in 
Gold, and by. Penny-weights in Silver; and is thus diſcovered : 


The Goldſmiths or Refiners, &c. take a ſmall Quantity of ſuch 
Gold __ intend to try (which they call making an ſay) and 


weigh it very exactly, then they put it into a Crucible, and melt 
it in a en Fire, 01 „that if there be any Copper, or other 
Allay mixt with it, that lay may be conſumed or burnt away : 

When it is cold they weigh it vr exactly again, and if it have 
boſt nothing of it's firſt Weight, they — og it is Fine Gold, 
| but if the be 2, Part, they call it 23 CarraQs Fine, or one 
Carract better than Standard: If it have loſt A; Parts it is 22 Car- 


TaQs fine, or Standard: If & Parts, it is faid to be 21 Carrats 
fine, or rather one Carract rie 2 — 


portion as it happens i or work: 


Ia the ſame Manner they 
compute it's Loſs by Penny-weights, &c. 


The Author of this Preſent W Ye England, mentioned before 
(page 32) Aye, — * 


Copper, being 


High their Aﬀzy an Sire, caly they 


£4 <«@ a A © a _R 
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Ter the Be Cen may. want either the Parity nor 
Weight required, it is moſt, wiſely and carefully provided, that 
+ one every Year te chief Offiers of the Mint appar before the 
© Lords of the Council in the Star- Chamber at min ſter, with 
© ſome Pieces of all Sorts of Monies coined the foregoing Year, 
© taken at Adventure out of the Mint, and kept under ſeveral 
< Lark" by 3 mim f nn 


«Sandi, ; Queſtions may be ſtarted concerning the Fineneſs 

of Gold and Stet Sc. 1 

E X 4 MP 1 

If an Ingo! of Silver weighing 787 Oz. 14 Put 6 Grains, be 

11 Oz. 6 Put. fine; How much fine Silver is there in it and 
what amourits it to, at 5's. 11 d. the Ounce? 

This Ingot is better than Standard by 4 Pu. For 11 Os. 


2 Pwt. = 222 Put. the fine Silver in 12 Oz. of Standard. But 
11 Oz. 6 Put: = 226 Pur. the fine Silver in 12 Oz. — 


to the Qeſtion. 


Firſt 787 Oz. 14 « Bio: 6 Grains = TEINS Grains, 
And 12 Oz. = 240 Put. 
Then, As 240 : 226 :: 378102: 1356046 4A = 741 Oz. 


- 5 Pwt. 6 2 Grains the fine Silver in that Ingot. 


Which at 55s. 114. the Ounce, amounts to 1904. 15. hg. 
n f 


EXAMPLE 2. 


If an Ingot of Gold weighing 115 Oz. 13 Pwr. 18 cum; 
be 4 of a Grain worſe than Standard: How much Standard Gold 
i there in it, and what comes it to at 31. 11 5. an Ounce? 


Firſt 115 Oz. 13 Pur. 18 on == 55530 «Ci . 
Then 24) 55530 (2313,75 =a Carract of that Quantity. 
And g) 2313, 75 (578,475 =a Grain of that Carract. 
a — 4) 57894375 (144,609375 =3 of a Grain. - 


2313 75 x 242 gogo, 5 _— to be the fine Gold in 
ths pt, K it had. ben Standard; 


+. | | "But 


: * 


oy 0 | "EF? K 


7.Pt. 4,244 


| $5372,244 Cc. 


_ = 115 Oz. 7 Put. 4,244 Grains, &c. as 


e 105. LEN ry woe: a8 


nn 


8 1 


But 5ogoa, 5 — 144609975 ee e, ———— 
of fine Gold according to the'Queſtion. T — 
50) 57, 890625 : $5530 : 5537 #4244, &c. Grains = 115 
rains Try, being being \the Quantity: of Standard 
Gold in that Ingot, as was equ 
Next for the r per Ounce ; x Ox. = 480 
Gate; and 34. 11 3. = 71 5. Conſequently 480. : 
8190, 4777 Sc. = 40g. 105. 5 14 ey 
near ; being the Value of that Ingot, as was required. 
Or the laſt 
13 Put. 18 Grains 2 115, 687 5. And & of a Grain of a Carract 


is i (viz. the 4 of 1) Then 22 — &@ = 21 #4 = 2199375. 


ntly 22 : 21,9375 :: 115,6875 : 115358842 &c. 


' Next for the Value; 3 as 1: 3,55 :: 115,358842 : 409,523,889 


Set. . —— 
F Take an 


of Curioſity, but allo) of very good Uſe upon many 
Therefore ſeveral Authors have given us ſuch Pr 


or 


Difference of their Weights, as they are ſaid © ns to ano- 


ther ; ſuppoſing every one of them to be of 2 
or Bgnefß. Some of which 1 ſhall bers inſert 


1. Henry van Etten, in his Mathematical Recreations del 


| Anno 1633, ſets down the Proportion of their Weights thus; Gold 
1875 Lead 1165 Silver 8 OT. 1 Im 750. 


Water 100, 


ol Ons eb. jo Mc Berea eels Mn both: | 
thus: Gold 1875. Quickſilver 1500. Lead 1365 . Silver 1040 . 


910. Iron 806 . Tin 750. Honey 150 . Water 100 


3. The ingenious Mr 


in kn Circle of Proportions, 
 (accarding-to-the'Bx- 
DL an in his Tract called Arcbimades 
Prometus) thus: Gold 3990 . Quickfitver:2850 . Lada 
Silver 2170. Ban 1890 , . lron 4680 , — 155 


Queſtion may be otherwiſe wrought thus; uns Oz. 


Enquiry made about the different. Gravities, or 
of Metals, and other Bodies, to be (not ogly a Work 


Oil go. Theſe fexm to be taken from that of Fan Enters, with | 


+ 41a 


; A 
—_ jv me r QCcao 


vix. by 19888 . 


11087 Copper 88. . 
3 Steel 7832 he 


TY 5 1 EXS 


| 80 
18 Denn e 


9g _ approved of and publiſhed * 
SLOTTED oe — 


fran ens anather) . own Satisfaction | 
rene of tat Kin e el ee 86 


eight that 


Ce Bk or tm 4 w leedy as the Ne EE Maw 
which may be contrafted or brought into a leſſer Body (viz. 
either by Drying, — or — will admit of; 
— 


[r0,359273=1 871365652 
97962625 = 10, 9304224 
tet $,101753 
5.98401 = 6,553885 
3.850035 = 6, 418324 
5.536769 = 6,096569 
| 43747121 3, 208369 
| 42404273 = 4,832116} 
_  þ 44272499= 44630300 
| 43142127 = 43544505: 
4,031361 = 4,422979] 
3.861519 = 4,3236638 
1,4294112 1,5658859 
141 | 1,369841= 1, 493037 
4.988486 = 84477 
0,9620383 = 
1,5432822 
1. 04542742= 0,59 
? E „47472 0,7869 
* o, 523766 
Provf r, of Brandy | 0, 4920 0,5 
4}, 0,48g008 = , 36569 


. -. . 
N -% * *# f »# 4 0 
I's $4 
Sound DO, 
5 A \ # 4 
. * * | 
© x 'T%o 
« - = * * 
a | live, __. — 
9 s wy 4 1 * 
12 n * 8 Sj 3 
*** 2 134 * # 
0 4 
» 


N 
u Gold, ies 


22 
— 


0,491591 = 539345 
| n 


* 
{ 


©. « * 2 > - PET o ** 


In this Table you have is peace Ons , 
Oubick Inch, of various Sorts of Bodies, bah 2 770 Ounces aid 
Averdupots Ounces, and Decimal Parts of an Ounce, which I can 
i to find out 
at firſt aware of. 
ow from hence it wi be aafy to determine ie Weight of 
any propoſed tity, of the ſame Matter and Kind with thoſe in 
the Table; it's Solid Content being given in Cubick Inches. For 
plains that if the Number of Cubick Inches contained in any 


| 2 antity, be multiplied with the tabular Weight uf i 


tind of Matt te Prodet will oe teW of 
755 of 36 "Ph 


EXAMPLE. 


A — of v Piece'sf 
| Mazhis, containing thine Sebd Feee, and 40 Cubicle Lackes 


Firſt 1728 x 3 = 5184 the Cubick Inches in 3 Solid Feet, 
And ny the Number of Cubick Inches i in the 
Piece of Ma 
"Then 5224 x 1, 429411 = 7410,066624 Ounces 8 
Or 5224 * 1.568859 = 8195,719416 Ounces Averdupors. 


The Weight of that Piece of Marble, in Ounces, Ec. which is 
brought into Pounds, c. The like for any of the reſt. 
"The Converſe of this Work is as eaſy 1 viz. if the Weight of 
any propoſed Quantity be given, thence to find the Solid Content 
OT ERS ates ed Quantity 
hus, given of it 
being firft reduced into Ounces, &c.) by the tabular Weight of 2 
Inch (of the kind of Matter} and the Quotient will be the - 
Number of k Inches contained in that Quantity, 


Vote, Ty ou would find what W of thoſe 
Rt nana Te wil when ot 
t into Water, you muſt ſubt eight of an t 
of Water (with that of the Body] from the Weight — A 
Body (if it be heavier dan Wate) 20 here wile he Wah 

8 As for Iuſfance, 


anne l 00 8 
A Cubick Inch of Water = beten. Tro, Ac. N 


---their Differenceis;= 5 68 the W "of a Cubick 
ella eg 5 * 
5 | C CH AP. 


La 


? 


C HAP. Xl. 


Evolution or ExtraBing the a0ts out of L. Sing 
. & ee ee 


Ear is the antes, or x it were the Unklding and 
6 2 any propoſed Power or Number, into the ſame 
Parts of which it was compoſed, or ſuppoſed to be made up. Now 
in order to perform that, it will be convenient to conſider how 
| e Powers are compoſed, &c. 

A Square Number is that which is equally equal; or which is 
contained under two-equal Numbers. Euclid. 7. Def. 18. Thus 
the Square Number 4 is compoſed of the two equal Numbers 2 
and 2, wiz. 2 x 2=4. Or the Square Number 9 is compoſed of. 
the two equal Numbers 3 and 3, viz. 3x 3==9: according to 


Euclid. - That is, if, any Number be multiplied int ef, * 


Product is called a Number. 
A Cube is that Number, which is equally equally ws or 
which is contained under three equal Numbers. Eu. 7. 1 * 19. 
Thus che Cube Number 8 is compoſed of the three equal 
bers 2 and 2 and 2, vis, 2 x25 228, Cc. That is is, if wa 
Number be multiplied into itſelf, and that Product be multiplied 
— the ſame Number; the ſecond Product is called a Cube 
Number. 
Theſe two, als, thi Spccs and Cube Members, here alas | 
Names from Geometrical Extenſions or Figures; as from the 
three Signal Quantities mentioned in page 2. That is, à Root is 
_ repreſented by a Line or Side, having but one Dimenſien, viz vix. 
that of Length only. The Square is a Plane or Figure of two 
Dimenſions, having equal Length and Breadth, The Cube is a 
ev; Body Fe having equal Length, Brradth, 
4 2 But beyond theſe three, Nature proceeds not, 
as to Lacal Extenfion. That is, the Nature of Place or Space, 
admits no Room for other Ways of Extenſion. than Length, 
Breadth, and Thickneſs. Neither is it poſſible to form, or com- 
poſe any Figure or Body beyand that of a Solid. 
| And therefore all the Powers above the Cube or third 
Pie 2g the Biquadrat or fourth Power, the. or fifth 
Power, c. are and underſtood by a Rank or Series 
of Numbers in Crombie Proportion. For : 


any Rank of Geometrical Propertienels, whole firſt Term and 


| Ratio are the fume; and to them let ther be aligned a Seric 


of Numbers i in | Arithmatial Progroin beginning with an Vait o or 
1, whoſe common ence is we To, © 
, 122 3 6 ches. 
Thus, 144 28 127 64 28 Ce in = f | 
T ben are thoſe Numbers in == oduced by a continued Mul- 
tiplication of the firſt 4 * — 5 and Por in 
thmetical P or ces, do ſhew w e or 
each Term in "ihe vmetrical Propertion is of. For »; 
Series of == 2 is both che firſt Term or Root,” . hag 
Latio of the Series. 'Theh's x 2 = 4 the ſecond Term or Square ; 
and 2x2x2=8, or 4x2=8, the Cube or third Term; 2>x2x2 
2 16, or 8x 2=36 e And ſo 
aw This is called viz. ben any Number ir 
awn mio oY, aud afterwards into that Pd, & c. it is ſaid 
7777 often involved into it uſelf; and the Eda are the Exponent 
reſpetive Powers ſo involved. . 
to theſe Involutions, is - formed the following : 
1 2 9 n - 


25 * 2 
— 


D PETE 1 
e | 8 5 1 
rats. &c. of avy Num 


But 


— > 


2 ä 8 3 1 
* F- : - 7 - 


Chap 11. 


. 129 
— n — —ẽ¼ 


„ 2 oO — 


it the Root opofifts of two, three, or more Places of Figures, 
* muſt be found by piece meal, or Figure after Figuft, at 
The Vt en of all. Roots, above the Square (viz. of the 
Cube, Biquadrat, Surſolid, &c.) bath heretofore been a very tedi- 


ous and troubleſome Piece of Work: All which. is now very much 
ſhortened, 


y, as will appear further on, — 
When an) } Number is propoſed to have it's Roce extraQted, the 
feſt Wark is to prepare it by Points (et over (or under) their 
per Figuresz according-as the given Power, whaſe Root is ( 
doth require; and that is done by the Index of the 
given Power, which for the is 2, for the Cube 3, for the 
Biquadrat"is 4. We, (as in tho precedent Table) "Then allow fo 
many Places of Figures in the given Power, for each ſingle Fi- 
— the Pls it's Index denotes ; always beginning thoſe 
oints over the Place of Unity, and aſcend . the Left- 
8 Number be and deſcend towards the 
bt-Hand in D in Decimal Parts. As in theſe following. 
yy. ns any given Number ; as 75640387246 which I ſhall all 

„or Reſolvend. 
ben if it be required to extra any of the following Roots, it 
n 
anne: 


8 
. * LY * 89 * 


[ Tow = Thus 75640387246 


73640387246 


75640387246 


e Rat 75640787246 
Or ſuppoſe the Number to be 0,67403 5982 


deen Ret Thus 0,6740359820 if 
Then for they Cube Rune  0,674035988 | 
— ul Biguadr nadrat Root 4 0,674035983000 


” Now, the Reaſon of pointing the given Reſolyead in this man- 
ner; vis. the allowing two Figures in the Square; three Figures 
and four Figures in the Biquadrat, &c. For one 
igure in the Root, may be made evident ſeveral W ays z but 1 
think it is eaſily conceived from the Table of f 
wherein you may ob oblerre that all the Powers of t 


— — — - 


b Figure)! hive the fame Namber of Plates of 
2 ths Tie of Power denotes: Therefore fo 
many Places of Figu res eyes A woes oh 

Figure in the Root. Conſequent! + is known how 
many Places of Figu ret there will X in th Ro „ vo many 
RA as there ar ſo many Figu e in the Noot, 
and whether A en be Ti e e N 
ei bythe repairs Pac of the Points.” 


er: 
1 — | 


4 * 9 F * — 


7 * "8 211 
15 


a Sed. 2. — — 


AND fiſt how to extra the Squite Root, welt to the | 
I common Method. 

Having pointed the given Reſolvend j into Periods of ewo Figu Ires 
as before directed; then by the Table of Powers (or otherwiſe) Nod 
the greateſt Square that is contained in the firſt Period towards the 
| Leſ-Hand (ſetting down it's Root, like a Quotient Figure in Di- 
) and ſubtract that Square out of the ſaid Period of the Re- 
eat: To the Remainder bring down the next Period of Fi- 
gures, for a Dividend, and double the Root of the firſt Square for 
2 Diviſor; enquiring how oft it may be had in that Dividend, fo 
as when the Quotient Figure is annexed to the Diviſor, and that 
increaſed Divifor multiplied with the ſame Quotient Figure, the 
Product may be the greateſt Number that can be taken oat of that 
Dividend; which ſubtract from the faid Dividend, and to the 
Reminder bring down the next Period of Figures, for another 
new Dividend: Then ſee how often- the laſt increaſed Diviſor, 
can be had in the new Dividend (twith the ſame Caution as before, 
viz.) fo as that the Quotient Figure, being annexed to the Diviſor, 
and that increaſed: Diviſor multiplied with the ſame t Fi- 
gure, their Product may be the greateſt Number that can he ſub- 
tracted from the new Dividend. (As before) And ſo proceed on 
from Period to Period (viz. ſrom Point fade ad in the very ſame 
Manner, until all be finiſhed. - 
_ An Example or two being well obſerved will render. the Work 
of forming the new Diviſors, &c. more plain and wy than c can 
be expeſled in a Marirle of Words a 


Example 1. Let it be ried text he Square Rot * 
b n N42 * dein ee „ 


Thus 


Chap. 11. Dee 5 1275 
q | — 


1 * 6 | | | This '. FE), $74.8 . 6 the R "OT 
5721999 721 in 43 oot. 
gab! Ong en. | 
1. Diviſor 145) i: NN "4 
| EE” 2 2 165 55 
2. Diviſor 1506) 9699 
ö | FA . . 
3. Diviſor 151240 6396 r 5 
1 oss ig 5 , 
Deuter 75140)  $90007 ee een 


r 453849 1512833 
5. bun 1514869) 13615827 
* s "WS, - 7 gs = 13615821 == = 1512869 xd. : 
| Proof, "736439 x 756439 = = 572199960721 the Reſolvend. 
Tau- 2. What i is the Square Root of 1850701,764025 Þ | 


£24 © \#&2-d..'* 5 


Operation 1507013764085 (1360,405 


23) 2 

. 1 

4 266) 1607 Hence 1360, 405 is the 

| © ».. Root required. 

17204) 1101,76 

* % 1088 16 : 

; 1720805) 13 604025 

3 - 28 13 604025 

3 EC -.- 3 

Ex. 3. What is the Square Root of o, o60 76225 Decimal Parts? 

| a 0,06076245 (032465 the Root required. 

ö 04 ==, x,2 

| | 44) 207 2 

8 | - —— | 176 13 — > | Prog page's 
T6: RP oy r 0,00070225 | 

. | * 5 5 „„ 

f 8 „ 

> ."" Phe 0: 6 93 ; 


. * of 
| + OS. 
. * "4 
— 
. to- 2 | | F 
4 f de — | be 1 5 
1 7 es 0,64 (,8 the Root required 
2 * 64 
Is = 


* 


Operation ; toc, 5 
6 68 (83,4745, 

. - 69 

1 64 


L 2 | 
"oO 2 
e 
: the mo 
22 | 


. 


——4 it a- new. 


in the new 


his I call a new Dividend) Then make the 
a Diviſor, inquiring how oft it may be 
ividend to the next Figure forward, reſerving 
that Figure under the next Point for the — Square of the Vo- 
tient Fl Which found, multiply the Diviſor witty it, 
„ > cd 4 ee half tquare Pon be an ys 
in plain Diviſion. annex the 
laſt Diviſor for a new Diviſor, with which „ in 4 Re- 
ſpefts as with the laſt Diviſor ; and ſo on until all be finiſhed. 


Example 6, What is the Square Root of 2990667969 
Operation CR RA 
a # (5 The 4 art fingle Root 


2) — The Remainder t to be divided by 2. 


6 Se Ms 


| Firſt Root 5) 24533398495 (54687 _ 
ER... - —— Þ+ # the Squareof 4, vi H. 
Dirior 54) 3733 
2 3288 346. +4 the Square of 6. 
Diviſor 546) 47539 
2 8 22 546 8 ＋ 4 the Square of 8, 
Divifor 5468) 382784, 5 | 
1 38278445 =5468 x7 : +} b of 7. 


(9) 
Hence the Root is found to be $4687, as was required. 


All the Difficulty in this Method is only the true placing of the 

half Square of the Quotient Figure, when-it happens to be an odd 
Number: In that Caſe you muſt bring down one Figure more of 
the Dividend; viz. of the next Pert under which, place the | 
1 Fine pn eo om of an odd Num- 
ber : As 7 whoſe Square is 49; of eb is 24,5 to be 

Maggs as in the e e 
) N, B. When the Number "| Figures in the Root of oy id 
Number are. limited ; you not Hraceed in 9 — 


"ds befere ; E „ Figur e more than "al the 
3 45 of Figures ; fer the reft 1 * — 


. ey 
Oo 
| 7 " ” | $ 
* ak x * * 


dad 970 -it were 


© | > Lows 
| Remainder 5 
12 N | 
* — ' 
b 82 + ,6 
— ͤ —́ÜMJ—ͤͤ — 
aw WE * 2,6) 


. 
of + mt) hae 15 Phew Pg WE.” 3 | 


AN. - 
"BF * 


| Vit pt of ooo: 


7 (1. SOS F474: 


Xx 


IX 
— — 


50 = Half the Remainder. 
X 


1200 
f „04 1048 
+ 2005 132125 | 
2,645).  . 1987500. 
2 00 25 
J e i 
F d 3228625 3 e 
| 2264675). © , - 34687500 „ 
er r 
245% %/%/%ꝙ%ꝗ%% 8229999" | 
Having thus get 3 of the 12 Fi r the 
reſt may be as.” found by th contra Way of Dtn po 


bv 
by 
" 
"x - 
: in e 68. 
3 
2 


Thus en 3 [ Ta;64575131106 
, : RSS; _ 2937253 e 13 
| 29274244 Fo 
264575 | LY 
| "W167 | po 
2 g 20457 I N (1 
7 =; 5 1710 . e 
I f —— Jy 337 Ha 
* e 1 ade Root of 7 10 be Zain deer ar was — 


Thus jou babe two ways of extriflin the Root tithe 
een 


A 


ö 


Ses * 25 „ Extrart the Cube Root. - 
HE Method I. hall for ectracting N 
admits of two. Caſes x bother which are to be very well obſerved. 
Having pointed the given Neſolvend, (as before directed) viz. in- 
to Periods of three Figures; then ſeek a Cube Number by the Table 
of Powers (or atherwiſe) that comes neareſt tothe firſt Period of the 
Reſolvend, whether it be greater or leſs than that Period. > 
Caſe 1. If the Cube Number fo taken, be leſs than the firſt 
Period of the Reſolvend, call it's Root Leſis han Aut: And ſub- 
tract that Cube from the firſt Period of the Reſolvend. 
| 1Caſe2. But if that Cube be greater than the firſt Period of the 
Reſolvend, ,call i it Root, Pore than Juſt ; And ſubtract the Re- 
ſolvend from that Cube, annexing Cyphers to it, that fo Ne 


tion may he made. 
fi 2 4 r, L more bub,» annex fo; 


* 


the new 


this Conſideration, that if the Roc — a ol be leſs than 
| Juſt, as in Caſe 1. you muſt annex the Quotient Figure to it, and 
then. multiply the Root ſo increaſed, into the ſaid Quotient Figure; 
down the Unir's Place of their Product under the pointed 
Figure of that Period, ſubtracting it, as in Diviſion. And us on 
from one Period ta another, as. before. 
But if the faid Root (now a Diviſor) be more Sis Juſt, as in. 
Caſe 2. Then you muſt ſubtract the Quotient Figure from a Cy- 
pher annexed, or ſuppoſed to be annexed, to the ſaid Diviſors 
multiplying the Root fo decreaſed into the Quotient Figure; ſetting 
down their Product as before, &c. . Dongs, ve [90S | 
Cafe will render the Work plain and caly, 


Note, Each Duotient Figur . N 


Diviſer, if the Tabular Cube was taken ſe than juſt, hy ap path 


tratted it, i greater; Viz. once you multiply by-it, a 
5 pic Fg Tray a Afr or 
Examples ;' which are therefore more erat and ry? thes as dns 


. 


Brampl 


Er. 1. What is the Cube Root of 146363183 the given Refolvend, 


to be pointed Aügsd e e e 


Rab z= 1500) de dan, 


1 2 2 


Duibr 5) 14345, 
pe: a 1 RT - * 77 on neee. 


2 Diviſor 547 59) EY 
Ge Meri 
e „ 


1. 


ee 


TY Y | 


"nat ins s the true dose ar de firſt Operation, us 


_—— r CS IC 


| is 27 x 527 = 18 the eſolvend. 
Bur R be n he a 2 at 2 chat bath 
ben here e ef der bee een only He e de en 
ſingle Root N 
27) and this Tc z ſecond - which would increaſe the 
15 oot to mine of Pigures ; ws. eyery 
aide of Pies the IRR err as 

e ee 

4 wy taken into © eſpecia 4.4 
CA 1 ber. That is, eee 


Go ip Pei the Refolyend. 
7 XA4MPLE gt? et a 
| | WIG > (1! "a + 


- What is the Oybe Root of 6 5 5520 * 4000 Root tes 

© Firſt neareſt Cube = 64 e 51 = 
" Root 4000 x 3= 12000 } FEE Gags 

Fit Root 4 


api (Faber od. 


"= ws. 4 22 . "I | ; 1 5 Y 
2 Dinar 407} 29231666 (P, re 
4 Divi W n 5 e ee ee 
| 9 GED 2 „ fo 1 ; > . ic 


| Rate | 


four, five, and fometinier*iidre Placa 


888121 


Pang 


the Exceſs I Unit i in the luſt Pho; for if there, were 
made a ſecond — the Root would be 407,78 E. ws. 2s 
maybe gu tried. 3 | 


EXAMPLE 3 


3222 to extract the Oe Root outof this Number 3 


Viz. 976379602989073 
7. to 976 is 1000 whoſe 


890 

l 10 more than 

it's Cube 1000000000000000000000000000000 jk, 

— 976379602989073960279630298890 the Reſalvend. 
Remains 2 236203970 09260397 2036970 10 Sk 

The firſt Root 10000000000 x 3 = 50000000000 the Diviſor 
Then 30000000000) 23620 170109260 20369701110 (587245 
— e 2302939 = 397 3097 (787348 


1K Root 10 =D PET 5 5 
FR — / 10000000000 = If Root. 
1 Div. 993) a 651030819 0079364 &c. ſubtract. 
32 7  Remainsg9920636000 'the Root 
2 Div. "ogy" 1 roy 0 the ch and on- 
8659 c at thy 
— at 
30. a N) 398756 _ prion, 
2 5 7737 75 35570 | 
; _ _ 5994804 I : wy 1 


n 5 05) 3 


. Par x es Ogg (if you — than ie ihe of 
ee eat alle 99200090993 Which | 


Fro the given Refidapnd = te 6 
= the Cubeofg9a9000009=97616 r48800000000Cc 
fre a re 


© Remainder, * 5 I 
e ee 814g be. nut 2 
| g9200 


ö 5 * n "I" 
3 99206) 6321068181 637163, add 


— 2 595235 955588371675 the Root true to 


\ 68788 - tze teruh Figure, and only 10 
- | 297636: * 8 


- much by an Unit in the 


* Et 4 
S k 88 ©7070 ; 55 2 * 
t Hate the Additions of the — 
7,. tient Figure being of no Conſe- 


__ , quenC > therefore the Diviſion. 
"is Gries on from hence, as in 


e 


toh vili £33 de 
0) OTIL1 ITS 3H 
% \ d „ 1 — 


1 ZS * RET 2 L 30 oe 1 
2 i, 
oF tit = = Sc de 5 ; — 
Nene "IE I okt 97 4 
> manner. the Cube Roots 2 ER . or of 


'T ant 09) 3 12288 


N extraQting the Biquadrat Root, or chat of eres! 

(and indeed the Roots of all even Powers) there are fome (aqall 
Died, not ſo eaſily expreſſed and « explained ina few Words, 
as they are by an Algebraick Theorem (ſuch as ſhall be ſhewed fur- 
Yo ry I have.therefare in this Place made Choice ag 
14246 > ' $99 ſeveral Extraftions ;, and, the rather, becauſe 


preſume the Reader by, hy Time thoroughly. acquainted with, the 


KK Buſineſs of extracting the e Root, by which _ "_ eaſily 
. 
e Squate . 


=o = bastle a3 0491; 
Roar of che. Refolvend, 
J Root required. 
« | 2 


* will © the Piqua 
: n 1. What is abe Baader 


„bus. ” alte +4 


QF: e 1 e094! 
"Riot "of 48577 
4 Firſt — it's Square Root, 
bk S* L Thus 


THI 


hilt ar ba be r 


| Thus „ene 3 + bo eee 
236 de — whoſe Robi is 6; 0. i 
4 1257532416 Remainder n 3. 


itt Roat 6) , 628766208 (69696 Sg 


* 


er 
e 726 a 
＋ 6 458 
— — 


5696 6568620 
4 2 626805 
6969 1418158 
| 41858 


. 1 829 0 
dd 2 


(Y) 
bei he fe Rx, whoſe Sue Kea 
. Then 69696} muſt now be ecard 


29595 Remainder to be divided by 2. 
Firſt Root 2) 14848 (264 che Biquadrat Root a3was required. 


6 i 8 138 
26) 1048 a 
—» 4 - - 000 
264 


| = 
| Thisis ſo — I need not inſert wy more Examples. 


Seck. 5. 7 Extract 12e Surſold Root. EY 


HAY AVING pointed the given Reſolvend according as it's Index 
denotes; viz. into Periods of five Figures; ſeeking ſuch a 
f Surſolid Number in the Table of Powers (or otherwiſe) as comes 
dert to the firſt Period of the Reſolvend, whether greater or 
leſs; and call it's reſpeRive Root accordingly ; viz. more than Juſt; 
or [eſs than Juſt ; annexing ſo many Cyphers to it, as there are rg- | 
maining Periads of umbers in the Reſolvend; as before in 
: the Cube Root: Then find the Difference between the 
Reſolvend, and the Serfalid Number ſo 282 * 1 —— mY 
the greater (as in the Next find the 
| N c Root with it's annexed Cyphers, 
do by the Table of Powers): and yer 
. . 4. —. — the Product E 


— 


= : 
3 


i 2 
SD | 


| 


the 


1 


8 
8 


N 


7 
: 


iz 


uſt, you muſt annex twice the Quotient Fi- 
it be more than Juſt, 3 
a Cypher either annexed, or ſuppo 


ſed 
viſor or Root, multiplying it fo increaſed 
iminiſhed, with the ſaid Figure, ſetting down their 
A An xanple in each Caſe will render it 


4 Abe it bo e! to extract the Surſolid Root 
is Number 1 2309502009375: 


SS 1230950300937 The Reſolvend ; pointed. 
The neaceſt Surſolid Number to 1230, the rſt Period of the 
| Refolvend, is 1024, whoſe Root is 4 being lefs than Juſt. | 
| Therefore 12309502009375 
_——_ — 8 8 | 
2069502009375 their Difference. 
| Next the Cube of 400 is 64000000 per Table, &. And 
| 64000000 x 5 = 320000000 the Diviſor. 
Then 320000000) 2069502009375 (6497 Sc. 
Firſt Root 400 
=þ= 2 x 10 = -þ 20 
400 


1 Diviſor _ 420) RP: 15 5 

er . ee 

* 41350 7. M 

Bo CON | 2250 pA 

"Eg 75 = 8 
That is 415 is the Surfolid Root of the given Resclzgnd. 

As may be eafily tried by involving it to the fifth Power. Viz. 
8 * enn the CO ot 


7 


2 
B: 
3 


8 


FE 
. 
it 


28 
1 


8 


= dr ͤ — 8 
e 


EE: CE ary a 


Wu; 


Example 2. What is the Surfolid Root of 2327834359873 | 
The neareſt Surſolid Number to 232 is 243 whoſe Root is 3 
being more than juſt, | 
Therefore 2430000000000 
— 2327834559873 Ts 
Remains 102165440127 For a Dividend. 
The Cube of 300 is 27000000 and 27000000 x 5 =135000009 
Then 1 35000000) 1021654401 27 7 new Reſolvend. 


Firſt Root 300 
—x2=— 4 
| 4 e 8 3 300 
1 Die 296) 756,7 8100 —2, 5666 | 
—4—2* 0, 5 — 50 592 £09434 The Root only 
2 Diviſor 291,0) 164,78 too little by 2 in the 


—I—2 x0,06=—1,12 145,50 loweſt Figure. 


3 Diviſor 289,88) 19,2810 
5 &c. 


Now the Reaſon why this Root comes out to ſo many Places 
of Figures at the firſt Operation; is becauſe the firſt Surfolid 
Number was ſo near the D ce. As before. 3 


my — — — 


Sect. 6. * et the Root f ;he 
Square cubed. 


T HIS may be eaſily performed by two Extractions, accordi 

| as it's Name denotes. Thus, firſt extract the Square Root 

of the given Reſolvend ; then extract the Cube Root of that Square 

Root, and it will be the Root required : That is, it will be the 

Root of the ſixth Power. Or thus, firſt extract the Cube Root 

of the Reſolvend ; then extract the Cube Root of that Cube Root, 
and it will be the Root required. 


EXAMPLE 


Leit de required to extract the Square cubed Root out of this 
Number 1482205373535 18625 the Reſolvend. 

| 1 excradt the Square Root of this Reſolvend, which 1 
take to be the beſt and eaſieſt 9 ä — 


146220637353513625 
W ä 
Remains "$5220537353515625 to be babel. 


ſ 
den 3) 276102686767 57 812,5 (381078125 1 
WW ˖ͤ 4 2 3 „ 
__ 
＋ 10 3805 | t 
3 * 3810) 2976867 | b 
ö ＋ 7 2667245 
* 0 3095226 
„ 
557076) 4763757 N 5 
t 3807805 | — 
| 3310787) 95269528 
ob „ 76215622 
38107812) A 1905 39061 2,5 
= 5 1905390612,5 
- $bro78tns __ fo} 
2 found the Square Root of the given Reſolvend, : _ 
cred to extra the Cabs Root of that Square Root. 
That is, of 381078125 
— 343 the neareſt Cube, it's Root is 700. 
8 Then * 42 9 2 38078125 (18161 * 
— — 1 700 | : | 
72 % 18161 N28 | 4 
| * 25 144 725 | | 3 1 
2 Diviſor 745) 1 — 0 
3725 | | 
——— H— 
(36) 
. Hence 1 find 725 to be the Square cube Root required ; 2 


eee ww 


1 ® 7 
8 „ 


SF iy eaſily be tried by involving it to the ſixth Power. That is, — 
= . r 


7353515725 — | $2 
hs _ Sea. 


vg 


P = 
— 
- 
* 2 
_ Su © 3 4 * 
„ 2 
— 


Set. 7. 7+ Extract ihe Root of tbe ſevench Power, 


Paving poi pointed the given Reſolvend, as it's Index denotes, ws. 
& into Periods of ſeven Figures, ſeek out ſuch a Number of the 
ſeventh Power, by the Table of Powers, as comes neareſt to the firſt 
Period of the Reſolvend; whether it be greater or leſſer, calling it's 
reſpective Root more than Juſt, or leſs than Juſt, annexing it's 

proper Number of Cyphers Cc. as in the Cube and Surſolid. 
Then find the Difference between the given Reſolvend, and 
that Number of the ſeventh Power (found by the Table of Powers) 
by fubtraQting-the leſſer from the greater. 

Next find the Surſolid or fifth Power of that Root with it's an- 
nexed Cyphers (which you may alſo do by the Table of Powers) 
and 3 that Surſolid Number with 7, the Index of the given 
Reſolvend; that Product muſt be a Diviſor, by which the foreſaid 
Difference mult be divided, that ſo it may be depreſſed to a Square, 
to be pointed, &c, as before in the Cube, &c. * make the firſt 
Root, without it's Cypher, a Diviſor; working with it and the 
new Reſolvend (as before) only here you muſt increaſe, or di- 
* the Diviſor with thrice the Quotient Figure . 
le. What is the ſecond Surfolid Root, or that of the 
ower, 


2 


6 * the Reſolvend pointed. 
—2187 the neareſt of the ſeventh Power. | 


16428655 3955078125 their Difference. 

The firſt Root is 300 being leſs than Juſt, and the fifth 
Power of 300 is 2430000000000, which being multiplied with 7 
is'17010000000000 for a Diviſor, by which the aforeſaid Dif- 
ference muſt be divided; which contracted may ſtand thus, 
1701) 16428655 (9658, 23 &c, 


Firſt Root 300 
300 
1 Divifor ils} 9658 +25 
. OI + = the true Root required. 
2 Divior 435) 2458 
1 | n 
283 the Remainder to be rejected, as a8 


K ; | 
a — | — 


®* That is, ative oo Gefen che Fi te 
— 1 for the Root of — _— the 


Ae Quotient Figure for the Cube 4 


"im I have uy 325 to be the true Root required that i is, 

the true Root of the ſeventh Power. 
I think it needleſs to proceed farther; vis. to inſert Examples 
of higher Powers. For if what is already done be well underſtood, 
it will be eaſy to conceive how to proceed in extracting the Root 
of any fingle Power how high ſoever it be (for the Method is 
general and alike in all Powers) due Regard being had to their In- 
dices; and to the firſt ſingle Side or Root. That is, whether it 
be More, or Leſs than Juſt, &c. 

Yet methinks I hear the young 1 fay, it is poſſible to 
follow the Directions and Examples, as they are here laid down; 
but ſtill here is not the Reaſon why they are ſo, and fo, perform- 
ed ; and why there ſhould be a Remainder left after the Root is 
found viz. when the given * hath a true Root of it's 

ind 

It is true, the Reaſons of theſe are not here laid down ; neither 


| Indeed can they be rendered fo plain and 24 by Words, as 
hrorems or Rules 


by an Algebraick Proceſs, from whence the 
| Here given, had their firſt Invention; as ſhall be ſhewed in the 
next Part, when I come to trear of reſolving eompounded or ad- 


fected Æquations; however, take this ſhort and general Account 


of this Method. 

This, and all other of the new Methods of Converging Series 
(as they are called) are very different from the former (and ſtill 
common) Methods of extracting Roots, which require the firſt 
ſingle Side or Root of the firſt Period (in any Reſolvend) to be 
taken exactly true, and then by involving, and other tedious 
Ways of ordering it, there is formed a Divifor ; which helps to 


grope out by Trials a ſecond Figure in the Root. And ſo proceed 


on from Point to Point; ſtill repeating the whole Work for every 
ſingle Figure that comes into the Root. And if by Chance there 
by a Miſtake or Error committed in any one Figure (as it is poſ- 
fible there may) it ſpoils the whole Proceſs, which muſt then be 


wholly begun anew, or at leaſt from that Part of it where the 


Error firſt entered. 


But the Nature and Deſign of the Method which I have here 
laid down is quits. otherwiſe ; it being ſo contrived, as to gradually 


eſſen the Difference betwixe any propoſed Power, and the like 
Power of another Number aſſumed ; v1z. it leſſens that Difference 


until it is either quite vanquiſhed, or becomes fo infinitely ſmall as 
to be inſignificant; © 


—Fherefore-when any Number-is propoſed to have its Root en- 


tracted ; it is here required to take the next neareſt Root of the 


fitft Period in the Retvfvend ; ; that ſo the Difference 1 


gall L 
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Chap, 1. Of Extracting Roots, &c. —. 


given Reſolvend, and the Homogeneal Power (viz. the like 
Power) of the Root thus taken, may be leſs either in Exceſs, or 
| Defeft, Which Difference being reduced, or deprefſed lower 
becomes ſo , that by plain Diviſion (comparatively) there 
will ariſe ſuch Quotient Figures as will both correct and increaſe 
the firſt Root to three Places of Figures at leaft, fometimes to four, 
or five Places of Figures; according as the ſaid firſt Difference 
happens to be more or leſs (of which you may have obſerved In- - 
ſtances) : But yet there will be a Remainder left, and perhaps an 
Exceſs or Defect in the Root ſo increaſed, 2:2. in the laſt Figure 
of it. Sh 
Now to rectify the ſaid Exceſs or Defect in the Root, and to 
diſcover whether the given Reſolvend be a true Figurate Number, 
or not: That is, whether it have a true Root of it's kind; it 
will be neceſſary to make a ſecond Operation ; by taking the 
Root ſo increaſed, and proceeding with it and the given Reſolvend, 
in all reſpects as in the firſt Work (like to the third Example of 
extracting the Cube Root); I ſay, if the given Reſolvend have 2 
true Root, it will appear at this ſecond and all the 
aforeſaid Differences, c. will be vanquiſhed ; provided the Root 
required is not to have more —— EG FINn of Fi- 
gures in it. 

But if the Root be to have more than three Figures in it; or, 
that the given Reſolvend prove to be a Surd Namie. Then there 
will be a Difference as before ; which will afford Quotient Figures 
to reQtify and increaſe the Root laſt taken, to three Times as 
many Places of Figures, as it had at the Beginning of that ſecond - 
Operation. As you may ſee in the aforeſaid Example 3. of the 
Cube Root; wherein that Root is increaſed to twelve Places of 
Figures at two Operations; which if it were to be extracted the 
Old (and ſtill Cas) way, it would require at leaſt forty times 
the Number of Figures I have here uſed. 

Again, if there chance to be a Miſtake committed in any 
Operation perfermed by the Method here laid down, that Miſtake 
will not deftroy the precedent Work, but will be reQified in the 
next Operation, although it were not diſcovered before. And 
thus you may proceed on to a third Operation, which will afford 
27 Places of Figures in the Root, &c. with very little Trouble, 
if compared with former Methods. 
Tube brief Account, which J have here given (by Way of Ex- 
plaining the Nature of this Method 2 extracting Roots) being well 
| 2 and compared with the ſeveral Operations of the fore- 
amples, — 1 needs help the Learner to form ſuch an 
ba af af it, „ tha he cannot (1 preſume) but underſtand how to 
| proceed 
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142 PPP 
proceed in extracting the Root out of any ſingle Power, how high 
focver it be; without the Help of an Agebraiet Theorem. Not, 
but when that comes to be once underſtood; the Work will be 
_ readier and eaſier performed : As will appear in the next 
rt. 0 : GE: wor | | 

I did intend to have here inſerted: the whole Buſinefs of Intereſt 
and Annuities; but finding that it would require too large a Diſ- 
courſe, to.ſhew the Grounds and Reaſons of the ſeveral Theorems 
ufeful therein, I have therefore reſerved that Work for the Cloſe 
of the next Part. Neither indeed can the raiſing of thofe Theorems 
be fo well delivered in Words, as by an Algebraick Way of 
2rguing ; which renders them not only much ſhorter, but alſo 
plainer and eaſier to be underſtood. 5 — 

I have alſo omitted that Rule in Arithmetich, uſually called the 
Rule of Poſition, or Rule of Falſe : Becauſe all ſuch Queſtions, as 
enn be anſwered by that gueſſing Rule, are much better done by 
any one who hath but a very ſmall ſmattering of Algebra. I ſhall 
therefore conclude this Part of Namerical Arithmetich ; and proceed 
to that of Algebraick Arithmetick, wherein I would adviſe the 
young Learner not to be too haſty in paſſing from one Rule to 
mother, and then he will find it very eaſy to be attained. 
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INTRODUCTION 


AST = 


„— 


— a — 


Ie formerly wrote a fmall Tra? of Algebra, pe- 
| haps it may ſeem (to ſome) very improper ta write again i- 
A 12% ſame Subjef ; but only (as the uſual Cuftom 2 is 
Dave referred my Reader to that Tract. However, 3. 
cauſe the following Parts o this Treatiſe are managed by an Agel rui. & 
Method of arguing ; wbich may fall into the Hands of thoſe 2c te 
have not ſeen that Tract, or any other of that Kind; I thoug/t it 
convenient to accommodate the young Geometer with the fir Elemente, 
or Principal Rules, by which all Operations in this Art are per fir - 
ed; that ſo be may not be at a Loſs as he proceeds farther on- B. 
Ades, what 1 formerly wrote was only a Compendium of that which 
is here fully handled at large. 
\ The Principal Rules are Addition, Subtraction, Pultiplica- 
tion, Diviſion, Jabolucion, and Evol as in common 
Arichmerick but differently performed ; and therefore ſome call 
it Algedeaick AR. Others call it Arithmetick in 


vantities concerned in any Queſtion, r<- 


main in their ſubſtituted ] (howſoever managed by Addition, 
_ Eubtratien, or Multiplication, &c.) without being deſtroyed or 
2 into others, as Figures in common Arithmetick are. 

NM n called it Logiftica Specisſa,, or Specious Compu- 


1 | E 


Quantities chan one are ſought, by the 


Part, page 5. which I here 


4. b. c. d. &c. or by ſeveral Letters that are im 
together; emen 


like Letters, ON Signs(-j or —); 20 
a +6, E—& & = &c, ng goncalles Compentl whole 


CHAP. * 1 

Concerning ibe . 
gt N 
Sec. x, Of Notation. 


Tur Method of noting down Letters for Quantities, is various, 
according to every one's Fancy ; but I ſhall here follow the 


fame as in my former Tract, and repreſent the Quantity ſought 


(be it Line or Number, «.))by'the lan if more 
other ſmall Vowels, 
c. 2. Or 3. 


The given Quantities are repreſented by the ſmall Conſonants, 
b. c. d. f g. Ec. 


And for Diſtinction fake, mark the Points or Ends of Lines 


in all Schemes, with the capital or great Letters, vis. A. K 
C. D. Se. 


When any Quantity (either given or ſought) i is taken more than 
once, you muſt prefix it's Number to it; as 34 ſtands for @ taken 


three times, or three times a, and 75 ſtands for ſeven times b, c. 


All Numbers thus prefixt to any Quantity, are called Coefhi- 


- cients or Fellow-Fators ; becauſe they multiply the Quantity ; 


and. if any Quantity be without a Co-efficient, it is always ſup- 


poſed or underſtood to have an Unit prefixed to it; a3 @ is 1a, 
or b is 16, &c. 


1 The Signs by which Quantities are chiefly managed, are the . 


awe, 20d heve..che fome Sighifemict, with. theo th tht Bd 
the Reader to be very well 
acquainted with. To them muſt be here added theſe three more; 


3 ad | Involution. ® 1. 
Fiz. theSign of Evolution, or extracting Roots. 
1 


9 I Irrationality, or Sign of a Surd Root. 
Al Quantities that are exprefled by Numbers . 


gar Ariibmetici) are called Abſolute Numbers. 197 


Thoſe that are repreſented 
Quantities by — 
Uuntities. | | ed) 
But when different by * ws 


, 1 
2 1 41 


And | 


S . —̃— _- ws 
| And when Quantities are exproſd or er down like Valg 
Frations, Thus, or = or : &c. they are 


called Fraftionsl or broken 1 
— — coats, al ways be 


ab +dc 
| be 


222 

As a + — 4 may ſtand thus b-d+s, or thus 4— 44 

&c. theſe being ſtill the ſame, 3331 

| 4 & . 
leading not is always underſtood to have 

before it. hs 2 in orb * 

3 _ the Affirmative 

are to 


'J But the Sign — being the Negative Sign, or of Bets. 
. there is a — 2 —.— For to which 
1 the Qu et to which | 


D HE Method of the Steps, uſed i ha Cha 
Tab 275 Ser . d. 


formed by the ſevetal 


SIR RS uUu Twi. - Wwe 


ws Full 
Aue, IF it vhewini ired to fer down the Difference of the | 


CES it will be, 


——— | 


J * 5 — 


Arithmetick. . For 


t which if another Want or Debt 


gnome of whole — n of three 


and have like add 
— K. Sum E 


2 1. If the 


The Reaſon of theſe Additions is evident from the Wark of Commun 
ſuppoſe a, to repreſent one Crown, to which if 1 
add one Crewn, the Sum will be two Crowns, or za, as in Exam, 1. 

Or if.we ſuppoſe —a, te repreſent the Want or Debt of one Crown, 
| one Crown be added, the Sum 
muſt needs be the Want or Debt of two Crowns, or —243 as = 


' Example 2. 4 f far ll the ro 


Cat 2. If the: 


Quantities are alike, and have unlike Signs; 


ſubtract the Co-ifficients from each other, and to their Difference . 
; 0 the Sign ofthe greater | 


Exam. 10. 


Exam. 11. 
+ 7abd _ 


* —— 


Tram. 13. Mor ol 


- $ab—jbco-15 
— warn M 


— 


* 
* 7 
- 


IIIA 
BP 
if S - 
| 2 If 7c TE | 
- 32 RN n 5 | 
1+2+314|__ca+d—b+7cmdFietf 
| 26 =— 32 — 24bc=—25 


2 
13 — — 5 
IL. 200 + bb— abc 2 


——_—_——— —— 


— 


1 +++ % 8 * 1 0 . : * * | | 
7 . 3 = * * * 0 : N i 1 
: þ : KK. ” - . 1 ; | - 4 1 * 
* . : 
7 . 
9 _ » ® 


|  CUBTRACTION of whale Quantities is: performed by 


bo SH ONES 


12 


n +2 taken from +36, 

2 fuer « Negative er from. an 
be the fame as to add an ed 

3 

1. — 4 


8 Exam. 6. Exam. 9, 
4 6⸗ r 1 4 


- LIS -L 8 L 


That a — b taken 4 hams + 2b 3 for the Remainder 
#5 in th firſt of theſe Example, enn Ft 1 


5 


\ VL 
Let li 28 Th F-1 
2-463 1e r . 31 
4515 25 2 — & = ma th — 3 W | 


The Truth of all O. ratic 
_ ariſes, may be proved, 
der, as in Common Axit — 


#4 . FN . 2 | : * 
I! if; | + + nl ELL "Ur 949 Wed 


"BXAMPLE. 


vas — 2 


: in Sai, mera Do Dow 


* 1 2 — 


From iI 5 . „2. 

Take 2 — 22 E4 ( 1 Bubtrabend, 5 + ny 

122 ä — b 64 — v4 * A | 
3 22 42 1 — 


a of whole Quai abe 
30 17a DY 3 3 Cafes. 144 a ute 11. | 
a 1: When have like Signs, andinsCopti- 


cients, ſet or join them 3 — 
them; and tht will be wel Fr. * 


Caſe 2. If & there be Coefficients; 3 them, a 
Tab © adjoin 7 


54 | 30 5 
2221 J'&:; =o} 


 —_ 


4 +4246 D | 


w_ 
— 
wa 
N 
2 


122 


"Is 


| Caſe 3. When the Quantities. have unlike Signs; join 
and the Product of their Coefficients together 8 BEERS) ** 
fix — — before them ; , 


G | Exam. . Exam. 10. Exam. 11. Exam. + 
Thus 1] +4 * 3 =, L 


tz] [217 (37 . PS 
1* 2 |3 — 454 ] — 42db DDE 


That is, + into +- or — into —, gives + 
But into —, or —into — gives Jin we Pm. 4 


That + into + will produce + in the ProduR, is evident from 

ation in Common Arithmetick : viz. 5 into + 7 will 
give + 35 &c. But that þ into —, or — into + ſhould pro- 
duce the Sign —, as in the four laſt Examples: And that — in- 
to — ſhould. produce the Sign +, as in the ſecond, fourth, and 

| — rn: 
onſtration 


as that —7 binto + 41, Asin Ee. 11. 


Suppoſe 142 — 7b 0 
Then will 24228756 bier Axiom 1. 
But 3 ＋ 3f=+ 3/7 
2E 342 = 217 per Axiom 3. 
4—21 bf} $112 f- 21 %% Axiom 2. 


Conſequently + into —, or — into + produces — , which was 
the Thing to be proved. 5 


Secondly to prove that — 7 b into — 3/ gives + 21 If =, in 
—_— 5 
Loet 4a—7b=0 

Then l Y „a, 
oY But — 372 —3 * 
the 2 —12af=— 21 bf by what is * „ 

n -o. per Axiom t. 
un- — into — gives — which was . 
8 r 


— — Pm. fl | 
Thus, * =; and feng} ory erm: 
| Then 42126 T= 4 


2264240 por Axiom 3. but 1 


7517525 D * 5 | 


F212 1232 $40 ecb=mi2x 14= 168 
 Chd=14x 8$=112 Hem Tx 202m 160 _ 


Hence 8c j-dd=352 fer Aviom 1. 
| And cb +4e= 328 which being fubtrafted, 


| ? 
— c 


| ſhews, | 


Note, If the Multiplier n NEAR 
ne Thema gut. ances Boe - 
Multiplicand particular Producta, will 
— > 


þ] e+b—d 2} [7b+54 

2] a—b . 

1 * 43 7 77 Iz eri lee 
„ „ —ba—bb+db —35bf—2;df 
3+415 — . — bo+ 's da— TUG 4 


| | aa—ba | 2c—3d 


a+b | 3a0—46b 
aaa—abb —̃—— 
[1] T2244 | ea—be+bb 
34 a—2 _ | @-+6 
2 rn e PO 
— 2 —4—8 beer 
t 232 - . Y 


— 


. — i 40 -——_— . — p MOL go omen or me nfm” ay 
* Y 
. : = - 
: 9 8 x : * a 
0 9 = C 
a . 


D⁹ of W a © "FUE en to A of 

| ultiplication, and conſequently is performed by conyerſe 

Operations, (as in mm J and admits of beer Caſes. 

| Caſe 1, When the Quantities in the Dividend, hve ls Ss : 
to thoſe in the Diviſor, and no Co-efficients in either; caſt oft or 


E expunge all the Quantities-in the Dividend, that are like thoſe in 


the Diviſor; and ſet down the other vantities with the 
for the Quotient required. by * 


en r= 90 e4+34]—0d—b4 
Thus |; Jn n 
1 ＋2 13} @ T a|a -b [a+ * 
Caſe 2. When the C s in the Dividend have unlike Signs 


to thoſe in the Diviſor; = 6. 25 down — — 
found as before, - with the Sign — before them. 


15 E:. EE 
| — / 


2 —— 


Cal 3. Ir the Quantities Is the Dividend and Diviſor, hve 
cients ; divide the Numbers (as in common Arichmetick) 


and to their Quotients adjoin the Quotient Quantities. 


| 111 a 4245 12af—216 
be | 20 36 — 21 1 3 
12 13 5@ | — 64 1 Xe 


| Nets, When the . and Co-ifficients in the Diviſor and 
mmi ER or 1. 


| gbcſrab+5 be 1 846444 = 
27 et : 


* — — 1 


Mc 


* e 7 ow CE - &. 


| . r 
found in the Dividend ;. then ſet them N down like Jer, 


E A. — | 
— — 


— -. A - 1 * 


5 53 +00] 7740 


. = — a 


"FB. 2 en 
vix. that like Sigris give + and unlike Signs give'— in the Quo- 
tient; which needs no other Proof than that already laid down in 
the laft — if duly compared with what hath been laid e con- 


b Multiplication and Diviſſon, in Vulgar Arithmenick. 
Examples of Diviſion at large. Fe 

1121 344 re . 

%% e 
2x 3.43 21ba+ — ae 3 TT . 
Fr N 

3 28 | 0 0 1 

9 2 7 1 . — 


2 Or = of Quantities miy and Numbers a been 
Ariibmetict do; thus . 


320 6444 — 96 1 


1 64444 — 12244 


1 Wo: 3 , 
Os W — 


1 5 gh +2490—96 

3 2 1 * 

9 ö | | | % 2; = | * : i 0. 2 48 „ 
KA in wo 9 99 


*. % a 1 3 — — A r 


| That, e 2aa0+44a+8a+ 
16 for the Quotient, as may eaſily be proved by Multiplication, 
VIZ. Ir „ 
nn ats z 


Isk is the raiſing or | 

poſed Root, and is reſpects 
_ fave wry in this: Adultiplication Aae of any different Factors, 
dut InvolutiongRill retains the lame, . 


EXAMPLES. 


o- 
Mn, 
* 


manner, due regard 


2 EXAMPLES. | 
[t]e es... the Root, or ſingle Power. 


2 $ 


10-*|2zjan”. [4422 Square, or d ower. _ 
1 63]3Jaga j—aga [bes or third Power. 


1 6*|4jagan” 22222 Biquadrat, or fourth Power, 
18. N. — — 42444 4 — © or fifth Power, &c. 


Note, The Figures Fay in the Margin, 1 the Sign 6.) 
of Involution, ſhew to what Height the Root is involved; and 
are called Indices of the Power; and are uſually placed over the 
involved Quantities, in order to contract the Work, eſpecially 


when the Powers are any thing high. 
a „„ | 4 2 444 
4 aj =aa 4 2444442 2 
Thus a =aaa wn bY =aaaaabbbbb 


12 A = aaabbbddd 


a+ =aaaa 


| Tf the Quantities have Co-iffcients, the Co-ifficients muſt be 
involved _y with ths Crna, as in thaw, | 
Thus| 1 2@ 3 * 8 
18. ˙[ 2 4aa „9424 256 „ee 
1883 Saga — 2742 | 125bbbcee 
1 ©&*#]4|ibacae ⁰ (42444 625 K 
1 $:5[5|32 480 a0|— 243 25 j3125 65 £3 &c. 
 Tnvolution of Quantities is perſornſed in the ws 


ing had to their Signs and Co-efficients, if 
there be any. As ſor inſtance, — were _ * 
involved to the fifth Power. 


a + b called a Binomial Root. 

„ 0 

ga ＋ 43 TR ; 

II 

rr. he Sasel 
an 

444 Za 5 . 

10 oF n oY 

@17 eee che Cabo of 4 


2 


X 2 


| Jo 00+ 3005+ 3035 +555. 
. 


716 D 7777 
„„. 8335 +300bb+3abbb + 
18510 e eee 
| I 

io x ii 4 IFS II aa 
1 r r 


18.7 15 — eogd — 
WO I 


Again let @—6, called a Reſidual Root, be given. 
Then | 11 a—b 
3 
1 „ 4 2-22 
Ix—b| 3] — 2 ＋ 
19] 4 #0 —203 +TIF we Squre of 6—b 
a—p 
4x6 aaa —zaabhabhb — 
4x —b — 32 088 8 
1835 7]aaa—3aab+3abb—bbb,theCubeof a—b 
5 a —b 
7 * 4 $ 5 3a0db—abls 
7 „ 319  —maaeb-;3aabb— 3abbb4bbBB 
1 G-*]10 ©aao—4c00d+becbb—4cbbb+bbbb 
— 1 wawd 
| | nd 
10 2111 rere mg, pur woe 
lox'—bji2}  —a*b+46 bb—beab +4abt Þ 
4 up is * 5 AIC 2 42453 +5 a b* 
&c. ds th 


On wr 


By comparing theſe two Examples roger you may make 
the following Obſervations. ' 
1. That the Powers raifed from a Reſidual Root (vis. the Dif- 
ference of two Quantities) are the ſame with their like Powers 
raiſed from a Binomial Root (or the Sum of two Quantities) fave 
only in their Signs; viz. the Binomial Powers have the Sign 4 
td every Term, but the Reſidual Powers have the Sighs F and 
— interchangeably to every other Term. 

2. The Indices of the Powers of the leading Quantity (e) con- 
tiavally decreaſe in Arithmetical Progreflion ; v:z. in the | 


1 


K Q@ 4 - 


joined to the ſecond Letter, one place forward (cither to the left 


always be the Sum of ſo many Units added t 


rn 


- 
—_—_— - * 


Chapv-2, Annen r Dmantities 187 


it is a a, 4. In the Cube a a @, a a, a: Ta the Biqudrnt #806, 
ws aa, a, &c. 5 
The Indices of the other Quantity 5 do continually increaſe 
2233 Hnwaties viz. In the Square it is 5, 55: In 
the Cube b, bb, 553. In the Biquadrat 6, 33, bBb, 3633, Kc. 


4. The firk and laſt Terms, are always pure Powers of the 


ſingle Quantities, and are both of the ſame Height 

5. The Sum of the Indices of any two Letters joined together 
in the intermediate Terms, are always . to the Index of the 
higheſt Power, viz. of the firſt or aft Term. 

Theſe Obſervations being duly conſidered, it will be eaſy to 
conceive how the Terms of any propoſed Power raiſed from a 
Binomial or Refidual Root muſt ſtand, without their Unciz or . 
Numeral Figures. 

For Inſtance, ſuppoſe it were required to raiſe the Binomial 
Root a-+b to the ſeventh Power; then the Terms of that Power 
will ſtand without their Unciz in this Order. 


Viz. „ b*+ a* b3 + a bþ a* b5þ abs + 37. 


And becauſe the Uncia (not only of any fingle Letter, but alſo) 
every fingle Power, how high ſoever it be, is an Unit or t 


- 0 — multiplies nor divides) and all the Powers of any 


inomial or Refidual Root are naturally raiſed by multiplying of 
the precedent Power into it's original Root, which is done by on- 
ly joining each Letter in the Root to the precedent Power, with 
it's Unciz, and then removing the ſaid Power, when it is fo 


or right Hand) it muſt needs follow, 
That the Unciz of the ſecond Terms (in any ſuch Powet) will 


ogether more one, 
of the firſt Root; which will 


as thete bave been 


always be determined by the Index of the firſt Term in the | 


Power. 
And becauſe the Unciz: of all the intermediate Terms, ae 
only removed along with their Letters, it alſo follows; that if 
they are added together, their reſpective Sums will produce the 
true Unciæ of the intermediate Terms in the new raiſed Power. 


As doth plainly appear from the following Numbers ſo removed 


without their Letters ; which both ſhews and demonſtrates an 


' 4 | The two Unc of de Root 
2 aroma 
„ 1 FOAM, 
Ee eee 
„ Oey: 
* T '> _ 15 2 - 's K 17 . e mT e 


N Yi 27 38: » 38 20 27 . + Unciz of 7thPow, 
And ſo on in this manner ad infinitum. 


| Now if theſe Nu mbers are prefixed to the aforeſaid Letters, all 


: the Pan c and 
e Nr 


6" +706 ＋2¹ 4 3 sn 5 214˙05˙ +7 a Ty 


Bot that'the Buſineſs of finding theſe Uncie, may Il WE 
yet more eaſy for Practice, it will be convenient to conſider what 
Series or Progreſſion, the Unciz of each Term do make from the 


3.| 28 {37|4.12<[36[24.12. 

8 8 H: SE Ss 58 35 8 

Ye | nenne 

Ss | 54 [52|S$l>&!Ss|5:tl>28. 

. | CIS xd RE $A K-27 Vacs of the fngle On- 
RE: Rs I e AR e e „ Upcizz of the Square. 

a 2 Lan M's << 41 o» 3 3 

25 1 4 £4 5.4 KI an . _ vnc of the ath Power. 
* 9s $2.5. 4 36 | to +5 4 3 © Vacize of the 5th Power. 
2 == 5 [Er |” © Vac of the Gth Power, | 
ESE LEH "IT "FVTT Onda of hs pt Power . 


| - The Uncize of the Grft Term are-ouly u Series of Units, whoſe 
Sum. is every where the Unei of the ſecond Term. The Unciae 
ef the ſecond Term, are a Series of Numbers is Arithmetick-Pro- 
greſſion, whoſe Sum is every where the Unciz of the next Su- 

eggs Fewer in the third erm, —— 


1 LAM as AS. 4 * La. 


2 "Invoinion Quantities. * 159 


tion 1. Chap. 6 6. Part 1. For Inftance, in the ſeventh” Tower 
it will be T x62 21 == the Vicia of the third Terms 12 
Tze reſt of 1 Unciz are a compounded Series, whoſe pot 
ſpeftive Sums may be obtained from he Rc of their * 


dent Terms. 15 K e 
TEE Bn) oj Ht ens ee BE. 
ee ee e ng 
21. And= T. Ec. 
| From henee may be deduce tis general kde 
r x 


If the Index of the firſt Letter of any Term be multiblied ints i: 
own Uncia, and that Produd? be divided by the Number of Terms to 
_ Plate; the Ruotient will be the Uncia of the next faceted 

erm forward. 

Tbat is, by the Help of thals Indices that belong to the fever 
Powers of the firſt or leading Letter only (a8 8 Unciz of 
every Term may be cafily underſtood. 


| EXAMPLE 2. ED 
Let it be required to compleat all the Terms of the aforeſaid 


241 


A . * 7 a* Þ 


+ ab* + , with their 
1, The Index of a” the e brd Term will be the Uncia of the 
fecond Term. Thus a? + 7 a*b. 
2. Then half the ſecond Term's Index into it s Uncia, Gi. 


222 = 21, will be the third Term's Uncia. Thus a- +7% 


+ 21 4015 1 be the three firſt Terms. 
3. Again == = 35 is the Unciz of the fourth Tow, 


Dane - +7 0% 3) +21 a MY 350 will be the four fun 
Terms. 


Ke os And —. = 35. will be the Unci of the fiib Term, 


whine 3 +74 b +21 gs $900 hrs will be 


the five firſt Terme. 
And fo proceed till all the Terms are compleated with 8 
ſpective Uncize ; which will ſtand thus, 2 L746 b + 21a? 5* 


— age Wen — n ban 
Now 


— Part Il. 
— 
„ ms bs fe. that the Unciz do 
Increaſe until the Indices of the two Letters become hed pd 
change Places; and then the reſt of the Unciz will return or 
decreaſe in the ſame order. That is, wherever the Indices of the 
Letters are alike, there the Unciz will be alike. | 
"And therefore one needs to find the Uncize (as before) but to 
half the Number of Terms in any Power. 
. and the Work of the Zxemple be well 
underftood, 1 
Power from a Binomial or Reſidual Root, to what Height you 


; without the Trouble of a continued Involution ; and 


without the Help of ſuch a Table of Powers as is propoſed by 
Mr Oughtred in his Key to the Mathematicks, Page 40, and ſince 
others. 

| E 
thod of raiſing Powers in my of Agebra, Page 575 
| as wholly New (viz, ſo much of it as was there 
then (I 7 neither W 7 Pats Keg doing it, nor ſo much as 
heard of it's done. t wr of that T I 
nn Jer © Sen ihe heres 
the learned Sir Iſaac Newton V it K which 
— down in thi Manner, AY hong Y 


Let m be the Exponent of the Power. 


„„ „ fir : 13 — 4 
Then 4 rs _— X — M —— x &c. 


$ 
| Will be the Series of the Unciz w_ but he doth not tel! 
us how they firſt came to be found out, nor have I ever met with 
the leaf Hine of it in any Author "- 


2 


Seck. 6. Evolution «f —— 


Polution is the extraRting of Roots from any gi Pawer. 
That is, it is the Converſe Work to that of Involution, and 
3 Quantities it is eaſy, if. the given Power have uch a 
Root as is required, which may be thus known. 

If the given Power have no Numbers 
Index can be divided by the Index of the Root 


to it, and it's 
required, the Que- 


re than 3) 6 That Wh ? Recs e 
Aud ſuch O =2: aa" * FO 


preſume it will be found very eaſy to raiſe any 


Hiſtory of Algebra, Page 319 and 331, that 


— — eee 


ent will be the Inder of che Root ſought, Thus, if the Cube 
Root of 4444 4a, vis. 46 were required (the Index of the 


W 


ddd, in it, Sc. 


— 


Chap: 2. Evolution of Quantities, Ibex 


Thus|[r| 35 | a® Þ* | a* 45 40 
102 e 


10 3 4 ea 7 7 7 
— '4 4 a b abd _ 


— 


Note, The Figures placed in the Margin after the Sign (ww) of 
Evolution, A. the Index of the Root to be extracted. 

If the given Powers have Co-efficients : (viz. Numbers pre- 
fixed to them ;) then you muſt extract their reſpective Roots, ag 
in Vulgar Arithmetick. 


Thus 1 81 af 11296 4 * 2 * 
1 u 24 9 a* i "4 
1 3 34 | 3 12 ede - 


or 2 uy © 4] 34 . 1 1a ode. 


* 


—— 


But if the Root cp cannot be truly a out of both 
the Co-efficients and Indices of the given Power; then it is a 
Surd, and muſt have the Sign of the Root * prefixed t to it. 


Thus} x ES 3 a* | 216 553444 
1 un Fo. 'V 67 a+ a* 7 216 bbbadd 
wages — 


Evolution of compound Quantities or Powers, is a little more 
troubleſome than that of Single Powers; and would require a great 
many Words to explain the Manner and Realon of forming the 
ſeveral Canons, that are commonly uſed in extracting the Roots 
of compound Quantities; eſpecially if the Powers be very high, &c. 
I ſhall therefore for Brevity's Sake omit them, and inſtead thereof 
propoſe an eaſy Method of diſcovering the Roots of ail compound 
Powers in general. And in order to that it will be neceffary to 
premiſe; chat if either the Sum or Difference of ſeveral Quantities 
be involved to any Power, there will ariſe ſo many ſingle Powers 
of the ſame Height, as there are different Quantities. 

As for Inſtance, if a 4- b + 4 be ſquared, that is, be involved 
to the ſecond Power, it will be aah20040084$44abd4-dh, 
here you have aa, bh, and 4d. Again, if a +b +d were cubed, 
vis. involved to the third Power, then you will have aaa, 6, 


* . Wheace 


' 


* 


Whence it follows that in extracting the Roots of all compound 
Quantities, there muſt be conſidered, CT ry 
1. How many different Letters (or Quantities) there are in the 
given Power. | : | 
2. Whether the ſingle Powers of each of thoſe Letters be of 
an equal Height, and have in them ſuch a ſingle Root as is re- 
quired: which if they have, extract it as before, : 
3. Connect thoſe ſingle Roots together with the Sign 4-, and 
involve them to the ſame Height with the given Power; that 
being done, compare the new raiſed Power with the given Power; 
and if they are alike in all their reſpective Terms, then you have 
the Root required ; or if they differ only in their Signs, the Root 
may be eaſily cotreted with the Sign — as occaſton requires 
Example 1. Let it be required to extract the Square Root of 
cc+2cb—2cdþ+bb—2bd+dd. In this Compound 
Square, there are three diſtinct Powers, wiz. bb, cc, dd, 
whoſe ſingle Roots are ö, c, d, wherefore I ſuppoſe the Root, 
ſought to be b +c d, or rather b-+c— 4, becauſe in the 
given Power there is — 2 c d, and — 2 bd, therefore I conclude 
it is —4; then bc d, being ſquared, produces b b - 2 bc 
 —2bd+cc—2cd4+4dd, which I find to be the ſame in all 
it's Terms with the given Power, although they ſtand in a dif- 
ſerent Poſition ; conſequently ＋ c —d is the true Root required. 
Example 2. It is required to extract the Square Root of a* 
— 24aabb +6b*, Here are but two ſingle Powers, viz. a and 
5, whoſe Square Roots are à a, and bb. And becauſe in the given 
Power there is — 24a @ bb, therefore I conclude it muſt either be 
aa—bborbb—aa. Both which, being involved, will produce 
2 —2aabb 4+ b*; conſequently the Root fought may either be 
aa—bb, or bb — aa, according to the Nature or Deſign of the 
Queſtion from whence the given Power was produced, 
Example 3. Let it be required to extract the Square Root of 36 
aaaa+ioBaa+81. Here the two ſingle Powers are 36 
aaaa, and 81, whoſe Roots are 62 à and 9. And becauſe the 
Signs are all + therefore I ſuppoſe the Root to be 64 4 +9, the 
which being involved doth produce 36 a+ + 108 aa +81; con- 
fequently 6 a a +9 is the true Root required. pr oh dy 
Example 4. Suppoſe it were required to extract the Cube Root 
of 125aaa + 300 4 4 — 4504 @ ＋ 2504 — 7202 e 
+ 4e e 540 4 — 288 e 432 — 216. In this Example 
there ae three diſtinct Powers, viz. 125 a aa, 64e e, and — 216. 
And the Cube Root of 125 4a à is 5a; of 64e is 4e; of 
— 216 is — 6. Wherefore I ſuppoſe the Root ſought to be 5 a 
+ 4 e— 6, which being involved to the third Power, does = 


k ad — *” dd 


3A BE 


7 @ © d - W W 
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duce the "FR with the given Power ; conſequently 5 a 1 40 — 6 


is the Cube Root required. 


But if the new Power, raiſed from the ſuppoſed Roat ning 
involved to it's duc Height) ſhould not prove the ſame with the 
given Power, viz. if it hath either more or fewer Terms in it, &c, 
then you may conclude the given Power to be a Surd, which muſt 
have it's proper Sign prefixed to it, and cannot be otherwiſe ex- 
preſſed, until it come to be involved in Numbers. 

Example 5. Suppoſe it were required to extract the Cube Root 
of 27 aaa+54baa+85bbb. Here are two diſtin and per- 
fect viz. 27 4 aa, and 8bbb, whoſe Cube Roots are 3 a 


and 26, Wherefore one may ſuppoſe the Root ſought to be 3 a 


+ 26, which being involved to the third Power, is 27 aaa 


' +54baa+36bba+8b}. Now this new raiſed Power hath 


one Term 36 5 a) more in it than the given Power hath; 


but this being a perfect Cube, one may therefore conclude the 


given Power is not fo, vig. it is a Surd, and hath not ſuch a Root 


as Was required, but muſt be expreſſed, or ſet Os 


Thus *v/ 27 e | 


If theſe Examples be well underſtood, the Learner will find it 


very eaſy by this Method of proceeding, to diſcover the true Root 
of any given Power whatſoever, 


—ê 


CHAP. HII. 


5 Sect. 1. Notation of Fraftional Quantities. 


FeRadiont Quantities are expreſſed or ſet down like Vulgat 
Fractions i in common Arithmetick. 


- „ 28e. Si Numerators. 
Thus { =, d * 44 +76 Denominators. 


| How they come to be ſo, ſee Caſe 4, in the laſt Chapter of 
Divifion. Theſe Fractional Quantities are managed in all re- 
ſpects like Vulgar Fractions in Common Arizhmetick. - 4 
* 2 Se 


— 1 Part, 


164 


Se. 2. To Alter or Change different Fractions into 


one Denomination, — the Jane Value. 


RULE. 


U L TIPLY all the Denominators into each other for a 
new Denominator, and each Numerator into all the Deno- 
minators but it's own for new Numerators. | 


EXAMPLES. 


Let it be required to bring — and = into one Denomination. 
Firſt @ x c, and d x b, will be the 8 and ö x c will 


be the common Denominator, VIZ. _ and 7 are the two 
99 Fractions _—_— that is, —= 72 =, and 72 = 
b +c ,4— 
Again, let {£5 and Fx —— be brought i in one Denomination, 
bb+bc—bd—dc ad—ac+-bd—bc 


and 


and * * 6 


&c. 


Sect. 3. To Bing whole Duantities into - Fractions 


of 4 given Denomination, 


RULE: 


g TU LTIPLY the whole Quantities into the given Deno- 


neminator for a Numerator, under which ſubſcribe the given 


Dcuaminater, and you will have the Fraction regui red. 


EXAMPLES. 
Let it be required to bring 2 + I into a Fraction, whole Deno- 


minator js 4 — 4. Firſt a T5 xd—ais dabd—aa—ba? 


Then S 


is the Fraction required. | 


8 
424 — 44 


Again 5 f. will be = = And 7 — @ will be 


a * 
Alſo EET will be = 


7A | Te i When 


«4 WY —_ ry . 


e © © tw 


0 
q 


— — — ach os — —— — EE Em, an 
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| When whole Quantities are to be ſet down F raQtion-wiſe, 
n. an Unit ſor the Denominator. 2 ab is = 4 And 


„ is <= 4 &c. 


Sect. 4. 75 Abbreviate, or - Kevace Franmal Nuanii- 


ties into their loweſt Denomination. 


YL EE - 
2 both the Numerator and Denominator by their greateff 
common Diviſor, viz. by ſuch Quantities as are found in bob; 
and their Quotients will Y the Fraction in it's 74 Term. 
aac. aa abbb. bb 
Thus —— is a 54 Is — And a a += =a+d. 

In ſuch ſingle Fractions as theſe, the 3 Divifors (if there 
be any) are eaſily diſcovered by Inſpection only; but in compound 
Fractions it often proves very troubleſome, and muſt be done 
either by dividing the Numerator by the Denominator, until no- 
thing remains, when that can be done : or elſe finding their com- 
mon Meaſure, by dividing the Denominator by the Numerator, 
and the Numerator by the Remainder, and fo on, as in Vulgar 
Frachons (Sect. 4. Page 51.) 

E * AMPLE 8. 


a a c- 424 4 
Suppoſe 7 * — lower. 


Then cd - dd) 4 ant (=> * the Fraction required. 


4 4c — 424 4 7 


In this W it fo 1 that the e is divided juſt 
off by the Denominator; but in the next it is other wiſe, and re- 
quires a double Diviſion to find out the common Meaſure, viz. 

aaa—abb 


Let it be required to reduce- = ian to it's loweſt Terms, 


Fir Las- aA aaa—abb (a 
|  aaa+2aabhabb _ 
—2@aab—2abb theRemainder. 


Then —2a0b— 206) 22470 E 


aaab "2b 28a 
„ ##460 
ab4bb | 
. Hence 


166 e Agedea.'” | Part II. 


_ _Y 


— it appears hat <—4 6 $24. —— k. | 


ſure; by which aa@a—abb being divided. 


Viz. —2a0b—20b)) aaa—abb 2 
| aaaaab 


— 26 — =ab 5 
—aab—abb 


0 * 
| Then 22 i the new — * 3 


I 1 
eee 30—23 T2 


D the Numerator; and - _ 2 — — = _ 5 


| 8 


= 
| and you will have 


— a a +a the Numerator. HEL 
——_—_ 4} — i the N 


| the Signs of all the Quantities it will be - 2 - ? the new Frac- 


aa—ab_ aag—abb 
; tion requived. That i * 1 | "aa +2abpbb- 
: MW fm. BN 


The common Meaſure of this Fraction will * ho eaſieſt 8 


(as appears from Trials) by dividing the Denominator by the Nu- 
merator, Sc. Thus, 


4 —bb) 44d —bbb 4 


ddd—bbd 
5 5 = . 
44 \3G 
7 77 — 6 
1 bbd4—Y 
O 0 


Hence it appears that 6 4 — bb \s the common Meaſure that 
will divide both the Numezator and the Denominator. 5 


Confequent y 


= 
2 rr 


the Denominator. Let both be multiplied with 23a, 


Or * ing 


w— »u. 


3 


nd 


u- 


dd +bd4+66 the Denominator, 
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Confequent] bd —bb 44—bj - 85 


. 
_db—bb 


0 E 


And 5415 . bbb /dd 
| 22245 T+d+6 the new w Denominator, 


| wn OY 
_4db—bbd 3 


K 
- Od —bbb 
| e 3 
Let both be multiplied with 5, and then you will have 
3 * nnn: | of the Fraction required. 


But if after all Means uſed (as above) there cannot be ſound one 
common Meaſure to both the Numerator and Denominator ; then | 


is that Fraction in it's leaſt Terms already. 


Note, Theſe Operations will be underſtood by a Learner after 
he hath 15828 thro' 3 and Diviſion of Fradi ons. 


Sect. ' I Addition and Subtraction of Haan 

Quantities. 

7 given 1 Fractions being of one Denomination, or if they 

are not, make them *. per Sect. 4. Then, 
WW LE. 


| Ads or ſubtract their Numerators, as Occaſion requires, and to 
their Sum or Difference, ſubſcribe the common Denominator 5 as in 
Vulgar Fractians. 


Examples in addition, 

135 fler j2a—b| ja—b+8 
11 * L e and „ : > 544" 
aa 24324 [2b—a| 243524 
CC "doi 

bb aajza+b+c| a+8 | 2 4 
ode — — — <= | T 
ä . 


Sect. 6. Multiplication of Fra#iona! Quantities. 
F IRS T prepare mixed Quantities (if there be any) by making 


them improper Fractions, and whole Quantities by —— | 
an Unt * them; as per Sect. 3. Then, 


RULE. 


Multiply the Numerators together for a new Numerator, and the 
Denominators together for a new * ; as in Vulkar 
Fractiens. 


"Thus | 23225 
5G. © On 
4 [4a+26 
"FFT "0 
1 abd 1242 —2ab—46bb 
| EA. BY — . 


— 


Suppoſe i it were required to multiply 2 1 — — 25 with 


36 ＋ 4c. Theſe prepared for the Work * Sect. 3.) will 
ſtand 


I 2ac+b—25c 
. 2 33+ 45 
2x2] 3 ee Belege Ele less: 
c 
-- or 4 6 . T8 108.1. 127 55 4 


a ww * . 


N. B. 


N. Any Frattion is mukiplied with it's — by 3 
cafting off, or taking the Denominator away. Tap = x x 4 gives = 


b. i 
4 « wy 


Sect. 7. Diviſion of Fraftional Quantities, 
T HE Fraftional Quantities being prepared, as directed i in the 
lat Section. Then, L 

IN: SD 


the Numerator of the Dividend, into the Denominator of 
the 2 for a new Numerator ; and multiply the other tw2 tage- 
ther yer a new Denominator ; as in 7 ulgar Fractions. 


e 
Let —+ be duded by , the Work may fland thus, 


25 4 I» = > per sen. 4 
1 


EY 265 a ＋5 422 533 
1 42 . 42 
5 — c —3 aa—ab+bb TS 
6 ere c 
path 1 2 2 4 
Suppoſe it were required to divide a a + 2 bs dy a + b. 
The Work will ſtand thus, | 
a+b 2044573255 2 C44 b＋L 325 N 
9 — «+49, Greten, 


222444214421ʃ aa+3b 
a 2747 (yer 8 4 
When Fractions are of one Denomination, cal off the . 


2 minton, ab Soils the Numerators, Tl the 


ide! by Sit will be bb) aÞ (ab te Quai required. 
Wien 744 i | 2 5 For 


* 


77 ab 255 


tt. —_— - a... hs 


ab c 8 
10 ras The” But 77. isa A 
Again, ſuppoſe it were required to divide - 2 by 
7 Caltidy off 'c— 4 in both, & will be #0 + 
—ba 
263480) « aag—ebb 25 , &c. 


SeRt. 8. Indalutton of Fab! — 


= volve the Number into uſelf for a new Numerator, and the 
D 


enominator into itſeif for a'new Denominator ; each as ' often as 
the P we _ 


be dad 

Thus be 3 = oo 

[0146 jobbec jbbi-2b4 +44 

THE Pr 4aadd 22 

2 I 27 bbbeec|bbb+3bbd+3bdd+ddd 
16” 1] n= 8acaddd 


244 — 342 4c ＋ 3a - 


Sect. 9. Evolution 7 Fraftiondl Seti. 


FF the Numerator and Denominator of the Fraction have each 
of them ſuch a Root as is required (which very rarely happens) 


| then evolve them; and their reſpective Roots will be the — 


rator and Denominator of the new Fraction required. 
gaabb aab2ab+bb 


Thus 8 D 
_ 32 a-+b . 
"4 ai a—b : 


% 12277 aaa i. 3aab i 3abb -bb 7 5 
Agal 1 844d 20. E=> eee —556 
; is 325 21 8 8 

AN 


24 42 


Sometimes it ſo falls our, that the Numerator may have ſuch a 


— 2 8 


=. erer „ 


* 
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minator may have ſuch a Root, when the Namerator hath not. 
In thoſe Caſes the Operations may be ſet down. ra 


| aabb| aaab4gbb—4dg ws 
Thus 1 ddd aa2ab+bb 
| 7 —— — — a g 
142 ab f Ve g : 


2 


But when neither the Numerator, nor the Denominator have 
juſt ſuch a Root as is required, prefix the radical Sign of the Root 
to the Fraction; and then it becomes a Surd ; as in the laſt Step, 
which brings me to the Buſineſs of managing Surds. 


th. 


cn uv. 
f gurd Quantities. 


THE whole Doctrine of Surds (as they eall it) were it fully 
handled, would require a very large Explanation (to render 
it but tolerably intelligible) ; even enough to fill a Treatiſe it- 
ſelf, if all the various Explanations that may be of Uſe to make 
it ealy ſhould be inſerted; without which it is very intricate and 
_ troubleſome for a Learner to underſtand. But now theſe tedious 
Reductions of Surds, which were heretofore thought uſeful to fit 
Equations for ſuch a Solution, as was then underſtoad, are wholly 
laid aſide as uſeleſs : Since the new Methods of reſolving all Sorts of 
Equations render their Solutions equally eaſy, although their 
Powers are never fo high. Nay, even ſince the true Uſe of 
Decimal Arithmetick hath been well underſtood, the Buſineſs of 
Surd Numbers has been managed that Way; as appears by ſeveral 
Inſtances of that Kind in Dr Fallis's Hifory of Agebra, from 
Page 23, to 29, © . . 
I ſhall theretore, for Brevity Sake, paſs over thoſe tedious Re- 
ductions, and only ſhe the young Agebraiſt how to deal with 
ſuch Surd Quantities as may ariſe in the Solution of hard Queſtions. 


\ 


A— 8 ? —_ 


a } 


Seck. 1. Addition and Subtraction 7 Surd Quantities. 
Caſe I. HEN the Surd Quantities are Homogeneal, (viz. 


a | \ are alike) add, or ſubtract the rational Part, if the | 
2 5 — dre 


172 Aliens. 
are Joined + to any, and to their Sum, or — adjoin the 
irrational or Surd. | 

Examples in addition, 
6bY ac] by a@a+cc 
4by ac[3by aa—bec 
100 ac 4b aac 


5 Ve 
2e 
12 75 


5 4 


2 


| 4 ½ aa r 3bc: IV aa+d 
12 315 


d aal gn wa [4 bc: 44 ＋ 4 | 


Examples in Subtraction, 
| F a anon 
I—2 


1 87 V aa—ce be: N 


74 be 4bv acl3bviae-tcc 
5v bel bby ac by aa+cc 


—_— 


an? i 


11841 3744 1432: T 

| == Va = aa—cc 275 997 
— — 

1—21 3 4: — — s0. ru 


2 
—_— 


„ (im. 


e. 


Caſe 2. When the Surd 223 are 1 


their Indices are unlike) they are only to be added, or ror 
by their Signs, viz. + or — And from thence will . Surds | 


either 3 or Reſidual, 
| Examples in Addition. 


: I wh . 14dvV a | | of ac—b2 
| |: . 89838 
12131 VI: — ba] 44 a: 2 ate — 
| Examples i Subtraction, 8 
1 uE . 
2|\vV ba E 
213 — ern! 7 . —.. 


— 


2 


=, 


„ 


1 


tha 


1 


„5 0 ———ñ—U— ̃ͥw:ʒ4ð⸗ũ Ä Y 2x Ä———— = — — 


S "of Sued See 885 2 


their radical Sign. 


1 2 E 3 ö 


Cafe NW 


ial > vFaFda | rea 


Caſ⸗ 2. If Surd Quantities, of the ſame Kind, are — aimed 4 to 
| rational Quantities ; then divide the rational by the rational, if it 


Dn —— 


* 


Sect. 2. "Multiplication of Surd 3 - 


Caſe 1. W HE N the Quantities are pure Surds of the ſame Kind; 


multiply them together, and to their Product prefix 


EXAMPLES. 


P . vV ba+da [vaad+bb 
"£5. TT vVaa—bb 


Caſe 2. If Surd Quantities of the ſame Kind (as before) are 


joined to raticnal Quantities, then multiply the rational into the 


rational; and the Surd into the Surd, and * their Products 


wwe 
| 6 E TAM L E 8. | es 
ay be 5cdy/ ba da 119 : 
| 92 1344 | . 
122 3 —:.. . 


* 


Sect 6 "I Diviſion of Surd Quantities, 


HEN the Quantities are pure Surds of the ſame Kind, 
and can be divided off, (viz. without leaving a Re- 
mainder) divide them, and to their Quotient prefix their radical 


Sign. 
EXAMPLES. 


N 755 Weeze, vVaaaa—bbbd 
ca Vaa—bb 


— 


— 


** EY 


a. 


can be, and to their Quotient joi in the Quotient of the Surd 
divided by the Surd with it's ern ra radical Sign. 


? EXAMPLES. 


| Þ 345% bo 15edavTenaF Tenn ov abd 
33y/@__ 36 0 % 4 Ta 574 3 
* E D 


WE 4 88 882 


Nete, 


4 Wigeiva. 
Mute, If any Square be divided by 1. Root, the Quotient will 


tk ts „* . * n 
x # '% "W - ** 


be it's Root. 


EXAMPLES. 


N 774214 nl 
v al bb+2bebeol/ a —2bbaa+ÞF 


eee 


Seft. 4. Jnvolution 7 Surd Quanritice. 


Caſe 1. HEN the Surds are not joined to rational Quantities; 
they are involved to the ſame Height as their Index 
| "_ by only taking away their radical Sign. | 


EXAMPLES. 
Fe cal 9 = 7/7 


vc aa—bb) 5 —- 42 


122 


7 oft 


—_—_— 


i 4 


Caſe 2. When the Surds are joined to rational Quantities ; in- 


volve the rational Quantities to the fame Height as the Index. of 
the Surd denotes ; then multiply thoſe involved Quantities into the 


Surd 2 after their radical Sign is taken away, as before. 


EXAMPLES. 


* iwel's dV ca 3377877 7 2 
ELAE [+45 — | gbbaa—gbbdd 


F : BAY 2d: Nr eee 
' 195 241 22772275 22.99 


WM Reaſon of only raking away the radical * as in Caſe I. 
is eaſily conceived, if you confider that any Root being involved 


into itſelf, produces a Square, &c. And from thence the Reaſon 
ye aaa oro» performed by the ſecond Caſe RE thus - 


| ſtated. 


Suppoſe b . r. Then Ve per 4 Acxiom 4. and both 


Sides of the Equation being equally involved, it will be a= 


x 1 


66 


becomes eu. 3. Which * to be proved. 
| "Again 


Part II. : 


Then multiplying both sides of the Equation into 66, it 


- wirihs ct od 


= V 32 - 
+ Ta a N Fe d Pg _ a. A MC. * DRY i. th. * I 
Chap. 4. Of Sur Mutanrities, 
11 —__— — 3 x rn e may OO 1 

| ** 


b Again, Let 54 c'a=#: Then ee and 44 


ne. * * 
254d 
FA from has bail be ealy to deduce the Reaſon of multi- 

plying Surd 1482 according to both the Caſes. For 4 


V0 = þ Example 1. Caſe 1. 
Saz 

1 

 ba=zzxx. per Axiom 2. 
EFEISES which was to be proved. 


—— — 


| FER . 2% 


3 cu 


=; 
74 2 23 
| NS. - 
435 941. le from what is proved bene 
$x36d|6 B beau 6 &c. for the reſt. 


p __— 
—— 


— —— — 


Diviſion __y the Coaverſe to Aula, needs no other 


Proof. 
3 WE + x v. 
Concerning the Nature of E quatfons and 10 to prepare 
em for @ Solution, | 


. 7, oO 
2 


WHEN any Problem or Queſtion is propoſed to be - 
tically reſolved; it is very requiſite that the true Deſign. or 


Meaning x Dan” be fully and clearly comprehended (in all.it's 
| arts) that ſo it may be truly abſtracted from ſuch ambiguous 
Words as Queſtions of this Kind are often diſguiſed with ; other- 
; wiſe it will be very difficult, if not impolfible, to ſtate the 
> | "Queſtion right in it's ſubſtituted Letters, and ever to bring it to an 
Equation by ſuch various Methods of ordering thoſe Letters as the 
EY Sar. apes. fo. was A 
p Now | 


— 
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Nor the Knowledge of this difficult Part of the Work is only to f 
be obtained by Practice, and a careful minding the Solution of t 
leading Queſtions as are in themſelves very ealy. And for that ; 
Reaſon I have inſerted a ColleQion of ſeveral nes wherein 1 
there is great Variety. f 
Having got fo clear an Underſtanding of the 
as to — down all the Quantities concerned in their due Order, 
viz. all the ſubſtituted Letters, in ſuch Order as their Nature 
requires; the next Thing muſt be to conſider whether it be limited p 
or not. That is, whether it admits of more Anſwers than one. 
And to diſcover that, obſerye the two OY Rules, 


0 RULE 1. 


When the Number of the Duantitie Karbe * the Number of 
the given E roſie, Queſtion is capable of innumerable Anſwers. 


EXAMPLE. WE 


ſe a Queſtion were propoſed thus; ** ſuch 
82 that if the firſt be added to the fecorid, their Sum will 
be 22. And if the ſecond be added to the third, their Sum will 
de 46. What are thoſe Numbers? 
Let the three Numbers be repreſented by three Letters, thus, 
call the firſt a, the ſecond e, and the third y. 


Cc a--e=22 3 "A. 
Then ; e+3=46 according to the Queſtion. 


- Her the Number of Quantities 3 are three; a, 4, and 
the Number of the given Equations are but two. Therefore this 
Queſtion is not limited, but admits of various Anſwers ; becauſe 
any one of thoſe three Letters you may take any Number at 
Jeafure; that is leſs than 22. Which with a little Conſideration - 


aw ws #- Ad % a wi: nt © v% wa 


„ os mobs. 4 moo «. at 


* wy to Conceive, f 
ay — 1 

; 1 | RULE 2. . r 
eels Ment ofels when berger l gra open me 1 


Rr .of the Duantities 
then ir the Dueſtion truly limited, DI Se 
but one fingle Value. 

As ſor inſtance, let the aforeſaid * dvr 
There are three Numbers Fs Pte ors. the firſt be 
added to the ſecond, their Sum will be 2a ; if the iecond be added 


od; 


EL 


= A. 


Ie 
3 
þ 
8. 
)E 
d 
o 


to 0 the third, their Sum will be 46; and if the firſt be added to 


the third, tbeir Sum will be 36. What are the Numbers ? That 
is, a +e=22. e+y = 46. and a +y =,36. Now the Que- 
ſtion is perfectly limited, each ſingle Quantity having but one 
fingle- Value, to wit a = 6, e= 1b, and y = 30. 

V. B. If the Number of the given Equations exceeds the Num- 


ber of the Quantities ſought ; they not only limit the Queſtion, 
but oftentimes render it impoſſible, by being propoſed inconſiſtent 


one to another. 
Having truly ſtated the Queſtion in it's ſubſtituted Letters, and 
found it limited to one Anſwer (or at leaſt ſo bounded as to have 


a certain determinate Number of Anſwers) then let all thoſe ſub- 


ſtituted Letters be ſo ordered or compared together, either by 
adding, ſubtraQting, multiplying, or dividing them, &c. accord- 
ing as the Nature of the Queſtion requires, until all the unknown 
Quantities except one, are caft off or vaniſhed ; but therein great 
Care muſt be taken to keep them to an exact Equality; ; and when 
that unknown Quantity, or ſome Power of it (as Square, Cube, 
&c.) is found equal to thoſe that are known; then the Queſtion 
is ſaid to be brought to an Equation, and conſequently to a 80 
lution, vix. fitted for an Anſwer. | 

- But no particular Rules can be preſcribed for the caſting off, 


or getting away Quantities out of an Equation ; that Part of the 


Art is only to be obtained by Care and Practice. And when that 
is done, it generally happens fo, that the unknown Quantity 
which is retained in the Equation, is ſo mixed and entangled with 
thoſe that are known ; ; that it often requires ſome Trouble and 
Skill to bring it (or it's Powers, &c.) to one Side of the Equation, 


and thoſe, that are known to the other Side; (ſtill keeping them 


to a juſt Equality) which the ingenious Mr Scooter in his Prin- 


cipia Matheſees Univerſeks, calls Reduction of Equations. 


The Buſineſs of reducing Equations (as of moſt, if not al! 
Algebraick Operations) is grounded and depends upon a right Ap- 
plication of the five Axioms propoſed in Page 146, and therefore, 
if thoſe Axioms be well underſtood, the Reafon of ſuch Operations 
muſt needs appear very plain, and the Work be eaſi * 


as in the following Secriont. 


— 


_ e I 


Sect. 1. E Kalbe i 


REPucrioN by Addition is grounded upon Axiom 1. 
by and is only the tranſpoſing (via. the removing) of any Nega- 


tive Quantity from either Side of an Equation to the other Side, 
with the Sign + before it ; as in theſe 


| ld ot 
| 1 [= A 


| Then|2]a =4-+8 [x aa—d=c—aa 
* I＋4IZ2I 4 = -a ＋A 
ame 2+aa 3][2aa=c+4d_ 


1+3 


P 
+36]; 130 314 — © 


a Line over it, to diſtinguiſh it from the 

242 42 2 6442 10 — — As in the 2d Step of 

P 
14 70% — 4 441 | 


2+dc;glaa=dd—2bab+dc 
3+2baſzlaa+2ba=dd+b+dc 


— 


Suppoſe | 1 2da —d=cc—Jbaa—aaa © 
14244 |2jacaH2de—d=ic—3baas 
2-+3baalzjaaa+H3baab2da—d=cc 

3+4 4lacatgbae+2deamcc+d, &c. 


80d. » Of Reduition by gubttattion. 


| REDUCTION by Subtraction is grounded upon Axiom 2. 
and is performed by tranſpoſing (or removing) any Affirma- 


tive Quantity from either Side of the Equation, to the e other Side 
with the Sign — before it ; as in theſe 


EXAMPLES. 
a+b—d] Tet|r - ts * 


b =bj1 —a 
a=d—vb . — 


Suppoſe} I 
And|2 
1 — 2 3 


Suppoſe| 1 tlaa+dc+b=dd+2ba 
1—2bal2jJaa—2ba+dc+b=dd 
2—dc 6 
2—blalaa—2ba=d#d—dc—b. 


— — — 


— 


11 — 


7 * TO a N A Po _— b : , yo 2 8 - * 
RR * " | 2 2 5 * N IT. by 7 R 
= £ >» » — un s 
. 4 * . 
* . 
— . Fu 
_ , 
"_ is 
$ . 
Y k 
$ . — . 4 
|; : 
* 5 - * by 
PT - — — ——— 


i Let ITA 31224244 ; 
1— 33442 4424 —- 3a ＋ I= C 244«ẽ EUæ 
2—2da 13222 — 34 — 2d a ＋ d eG 
| 3—4 [4laaa—3baa—2damcc—d. 
| Sect. 3. Of Redu#tion by Multiplication. 
 DRACTIONAL Quantities, in any Equation, are brought 
L into whole Quantities by multiplying every Term in the 
Equation with the Denominators of the Fractions, per Axiom 33 
as in theſe 7 | | 
EXAMPLES, 
| | 
4 i 5 ISP) 
; 2 . A 
JJ ĩð wm DRE 
3 . de 1 "i # _- 
LA . — 1 Fe. | 
Ix2b |2|6ba=di] 1xa—b|2jae—ba=dd 4 
e ig | 7 — — — 
Suppoſe 1 — +e+f== 
. — 188 
; 2x4 3 aaabSbcabbfa=dxsb 
— PREP 
- * : 5 a +b 1 i 
rere 
1xa+b |3 lagaa+baa=baaa—bbaa—bbba+bbbb 
Set. 4. Of Redu3ion by Divilion. 1 
i HEN any Quantity (either known or unknown) is in every li 
Term of an Equation, if the whole Equation be divided by  Þ} 
that Quantity, it will be reduced into lower Terms, per Axiom 4, 1 
as in theſe following Examples. 55 
5 A2 2 EXAMPLES Þ 


, all ate. "> \ a aa p a . btn Wt 
by N N „ bs a * ** 0 " * 


180 


— 


f <a Pom - 
. 124 * * 1 bo l #7 
Aged zn. Part II. 
a » 
s . 1 <a. 
* , 4 


11 


Suppoſe | 1 11pccþ-Feamdes = 1 8 
126 een 1212 7 


[fae+ffeaa—ffa=ffde +ffdda 
N ee 


2 — 4 a+ca—Ii=d+dd 


mm. 


—_ 


Cr when the a Quenrity is multiplied (v:z. joined) with 
any that is. known ; let the whole Equation be divided by the 


known Quantity, that ſo the unknown may be cleared ; as in 
thele 


- EXAMPLES. 
"= I 


[5a—ca=d Let II lcaa - daa g d- Ad 
| | d — 3— 


Soppoſeſ 1 e 

1262 1 
 4-+c 

2583 b 


Let 14 . 
12712 7444 ＋ G bca+ 3ca 
13 7da + ba = bc + 3c 
3 i __bc+3c | 

a N "= 74+6 


Sect. 5. Of Reduktion _ Involution. 


W HEN there happens to be an Equation, between any bo- 


mogeneal or like Surds, take away the radical Signs from 
the Quantities, and they will become rational; as in theſe 


EXAMPLES. 


. a ig EEE 


Or if one Side of the Equation coniiſts of Surd Quantities, and 


. the other Side be ratioual, then involve the rational manage = 


vv ew 4 


' 2a 


the ſame Power ct Height) with an of the Surd, and a. 

away the radical Sign; 2s as in theſe 
EXAMPLES. 

Let]: pr . I} a=b-+c 

18. 4 2 36 16* II 2 : 


Suppoſe 1|'Vaa—be=d Sl. 1 
* . 3 18.5 42 4 2 16807. 


| Sect. 6. Of Reduktion by Evolution, 


WHEN any ſingle Powers of the unknown Quantity is on 
one Side of an Equation ; evolve both Sides of the Equation, 
according as the Index of that Power —_— and their Roots will 
be equal; as z as in theſe. 


E XAMPLES. 
Suppoſe] aa=36 aaa=27 
why | s=v 6= BY Fn) koh... &c 
l 8 Leica fl lie f zler Cc 
eee I wy? * — 


1 


c . 


2 — 


Or if any 1 Power of the unknown Quantity be on 
one Side of the Equation (that hath a true Root of it's kind) evolve 
both Sides of the Equation, and it will be depreſſed into lower 

Terms; as in theſe 


EASE ts 


Suppole bst aa—2ba ＋- US Adee 
I wy? a ＋ I= Ad 5 | '@—b=dc | 


2 


Here follow a few Examples of Sp Equations, wherein all 
the foregoing . Reductions are promiſcuouſly uſed, as Occaſion re- 


EXAMPLE 1. 
Suppoſe 1. E . Wen is a = to? 
1 —.— 


1haa-bbc—bd=4g—4ac 
baabH4aabbc—bd=4s 
Jhaab4aa+bc=42+854d 
ban+4aa=4g8+bd—bc 

—_4g+bd—bc 
424 2 — — 
Ii 

48 +bd—bc 

a — equi 
nn 


n 


I EE what is the Value of «? 


ä 


„„ 
34242 
a + = — 

— 5b 
125316 — 428344 
4442125316 5 0 

8. 21229. 5 
4 31329 = 177, the Value of a required. 


Ge 


EXAMPLE 2. 


11 7 Wl] 


= —:a=? 
Ws nA af PE 
| MILLS 25 1 
P 
. 44 —333 32 4 
* 4 — 7 
Ja a 4 — 95 baa 
} - ones; ans 


— c— — — 
— — 


44 4243355 424 — 3353 So a8 
I.E TO: 


* > 
; 


IS} + 


th £ 


5 2 (a) or it's Powers, are cleared and brought to one Side 


23 in the firſt four Examples of Sef?. 6, &c. 


bb a* | 3 
4 
3 —— — 

334 __a*—g9b* 


——— 
— 


4 
5 gcc 40 
ech =4acat —4bat. 
9c cb? 
"4c—4b 
4—4bxot= 44 


14 


— 
22 — 


—— — 


By Help of theſe Reductions (properly applied) ü the unknown 


of an Equation; and if the unknown Quantity (a) chance to be 
equal to thoſe that are known, the Queſtion is anſwered: as in 
the firſt Example of Sect. 1, and 2. Or if any ſingle Power of 
the unknown Quantity (a) is found 
then the reſpective Root of the known 


tities is the Anſwer ; 


But when the Powers of the unknown Quantities are either 


mixed with their Root, as a@a-ba=4dd, &c; or do conſiſt of 
different Powers, as a ＋ a dd, &c: Then they are 


called Affected, or Adſected Equations, which n+ 13 nad 
thods to reſolve them ; viz, to 4 out the Value of (0) a 


be ſhewed further on. 


CHAP. 


equal to thoſe that are known, 


CHAP. VL 


0 tional Quantities ; 54, 4 bree. 
* Pzopo Geometrical, «nd Puſical. 


H AT hath been aid of Numbers in Arithmetical 3 


of tina or like ar 


— —  ___—_— 


| Set, 1. Of Quantities in Arithmetical Progeesion 


T HOSE Quantities are faid to be in the moſt fimple or na- 
| tural Progreſſion, that Som their Series of increaſe or de- 
creaſe with a Cypher: 


0:4:2a: Ja: 4a: 5 6a: &c. inereaſing. 
Thu}? —2: — 24-33: —48: —5 4: —ba:&c.fecreafing. 


Or Univerſally, putting à the firſt Term in the Progreſſion, and 
the common Exceſs or Difference. 


a: a+: 4 ＋ 27:4 ＋ 36:4 ＋ 4:4 45e: Ge: 2 
Then fr, —e:4 — 22:4 — 30:4 — 4:4 — 5:4 — be: 


In the 155 of theſe Series it is evident, that if there be * 
three Terms; the Sum of the Extreams will be double to the 
Mean. 


As in theſe, o: 6 222 or, 4. 24 3a: or, 24:38: 4a, Kc. 


pix. 2 a: To Sa: or, 2 ＋E 3a = 24 ＋ 2a, &c. 

Alſo, in the ſecond Series, either increafing or decreaſing, i it is 
evident, that if the Terms be a: a4-e:a-+ 2 e, &c. increaſing ; 
then a+a—+2e, viz, 24-2: the Sum of the Extreams, is 
double to a e the Mean, or if they be a: @—e:a—2e, &c. 
decreaſing ; then a +a — 2: viz. 24 — 2 the Sum of the 


Extreams, is. double to a — e the Mean. And ſo it will be in 
any other of the three Terms. Secondly, if there are four Terms; 


then the Sum of the two Extreams, will be equal to the Sum of 
the two Means; as in theſe, a: a+e:a+2e:a+3e, in 
tte Series increaſing; here a + a+ 3a ＋ T2. 

Alſo in theſe, a: 4 — : 4 — 2: 4 — ze in the Series de- 


ereaſing; here znr &c. in any | 


other four Terms. 
Conſequently, If there are never lo many Terms in the Series, 


the Sum of the two * will bee be _ to the Sum 
of 


fron, Chap. 6. Part r. may be ealily applied to any Series 


C 
1 
4 
t 
( 


r n * ec. 


. * 


= 


ww nw. ww 3 oo O&@u Oo 


ory Of Propoytional Quantities, _ 185 
of any two Means, that are equally diſtant from thoſe Extreams. 
17 in theſe, 4: 2 42 ＋32 16 44:4 45e: &e. 
Here a+a+5e=a+eba+4e=a+2e+a+3e, &. 
And if the Number of Terms be odd, the Sum of the two Ex- 
treams will be double to the middle Term, &c. as in Corol. 1, 
Chap. 6. beſore · mentioned. | 


CONSECTARY I. 
Whence it follows, (and is very eaſy to conceive) that if the Sum 


of the two Extreams be multiplied into the Number of all the Terms in 


the Series, the Product will be double the Sum of all the Series, 
| Now for the eaſier reſolving ſuch — ag" depend upon theſe 


Progreff Fs 


= the firſt Term, As before. 
: == the lt Tis. 
Let. J: = the common Exceſs, Ec. as before. 
— the Number of all the Terms. 2 
= the Sum of all the Series, viz. of all the Terms. 


Then will e s, by the rig Conſectary: 


that is, Na+ Ny=28. Conſequently — Ds, the 
Sum of all the Series, be the Terms never fo many. Thirdly, = 


theſe Series it is eaſy to perceive, that the common Difference (e) 


| is ſo often added to the laſt Term of the Series; as are the Num- 


ber of Terms, except the firſt ; that is, the firſt Term (a) hath 
no Difference added to it, but the laſt Term bath ſo many times 
(e) added to it, as it is diftant from the firſt. | 
tly, the Difference betwixt the two Wr is on- 
ly the common Difference () multiplied into the Number of all 


the Terms leſs Unity or 1. That is, N 2 — a, the 
Diligence * the two — viz, Ne —e =— 


Whance it follows, that if the Difference l. betwixt the two Extreams 
be divided by the Number of Terms leſs 1, the Quotient will be the 


common W of the Series. 
T, "RY 
1 9 . , — 6 | | 


—— — — F | 


-n 156 ys Algebea. 2 $6 | Part II. 


" Now by the Help of theſe two Confearie, if any three of 


the aforeſaid five Parts (wiz. a. y. N. A be given; the other 
2 


And 18832 £ 

2x N=] 3h—a=Ne—e 
31 / 41y—a+Se=Ne 
4 f. N, the Number of Terms. 


? 
1 x2 blNa+Ny=28 
6 - NS 7|\Nzy=2S—Nea 
7 2 N . the laſt Term. 
6—yzN go]Na=28—Ny 
Ne, the rt Tem. 
62447 11% = N. the Number of Terms. 
| | - 28 hs 
| 12 —, per Axiom 5. 
n Wages Ele 2 5 15 
12 @+) . eas 
es. the Sum of all the Serie. 


14 x 2e|15|yy—aabacþye=2Se 
15 —aelIblyy—aa+ye=2Se—ae 
' 16—yeſi7y—aa=28Se—ac—ye 


17 > 


3+ al19 — the laſt Term. 
19 . N - T 
—— r 8 Term. 


„„ "2" LI" 
3 N Y 


In like Manner you may 


ee 


l 


_ 


is find ont any of the Gow 
thaſe Equations one with another, you may produce new 
Equatiqus 


SY » ah. as. a ——. FLY 


Gap & . Duantitien. © | 187 ' 
with other Data in them ; the which I ſhall here omit 
parking, nd le them forthe Learners Pace, | 


4 1 


— — 


N 5 * 
„ 


. ö 


GEOMETRICAL Proportion continued has been already 

>» defined in Sect. 2. Chap. 6. Part 1. And what is there 
lus concerning Nambers in ++ may eaſily be applied to any Sort 
of Homogeneal Quantities that are in ==. 
The moſt natural and fimple Series of On TO | 
* | ; 


As1. 4. 446. 444. 42243. * 46, &c. in <2 


For 1:4::4:a4::44:aa0: : 008: 2444 à, &c. | 4 

Ora. . K. 356 . — 4.4 1 * &c. are Terms in = 
aa © aaa 27 5 75 F 

bb bb bbb 6bbb 3 

| For a: b: 'b: 3 > — . — a © 27. &c. 5 


a 4 a as * 


JE That is, when all the middle Terms kin dane e - 
H Antecedents, that Series is in Geome- 
trical Proportion continued. Therefore in every Series of Quan- 
. ene the bt 200 Acta IN and 
all the Terms except the firſt are Conſequents. But univerſally 
putting @ the firſt Term in the Series, and e the Ratio, viz. the 
common Multiplier, or Diviſor z then it will be 


a. 4 4% 0400. acter ar ates, 18 


8 = : L. „ = I 2 decr. 


„nne EHFE 0B 


„ aa a " Rn wn 
n,, „„ &e. 
E aree EE: e EE eee SAS 


L In any of theſe Series ub evident, that if three Quantities 
ne. oh of the two Extrems will be equal to 
the Square of the Mean ; 22 a:. 46, here 4X 46 
SA e, ee. &c, | 


% c þ 
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Bb 2 o 


II. If four Quantities are in <= the Rectangle of the Extreme 


will be ual to the Refiangle e of the Means. 
As in t eſe, 2. 4% 4% ae bere @x@ar e. 
3 . 
0. 7 


— ; here alſo a x — = Xx 2 2, &c. 
ee 777 eee VM ee eee 


"Conſequently, If there are never ſo many Terms in the Series 
of ==, the Rectangle of the Extreams will be equal to the Rect- 


treams. 
As in theſe, . ae.aut. arte. ad. ae 
viz, a x . Or as xa=areexaremacd 


3 


II. If never ſo many Quantities are in <= it will be, as any 


one of the Antecedents is to it's Conſequents; bo is the Sum of all 


the Antecedents, to the Sum of all the Conſequents. 
a. 4 4e. ae. ae. a „ &c. increaſing, 


Asin 
© 23 a a 
theſe. Ja. —. — . 5 , &c. decreaſing, 
777 eee eee eee 


e: R een. 
or W T+T4S+S. 


+£+5 VIZ, „ee. & ae +a =&e 


Sx Fa 
That is, the Rectangle of the Extreams debe the Ret 
angle of the Means; per Second of this S227. 


viding any of the Conſequents by it's Antecedent. 
Thus, a) ae (e Or ae) ace 2 &c. 


But if the Series be deerea 
viding any of the Antecedents 


y it's Conſequent. 


) ( .f 7 fs. 22 Oi 


angle of any two Means that are equally diſtant from thoſe Ex- 


Note, The Ratio of any Series in => increaſing, is found ww di- 


„ then the Ratio is found by di- 


ww i A+  ffahmU 
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CONSECTARY. 
Theſe Things being Fink Sig - Po Equations may be FER? fress 


them, as will ſolve all ions as are uſually propoſed about 
2 Proportion + IDo — Ol 


15 


= the common Ratio. 
y = the laſt Term. 
$ = the Sum of all the Terms. 


Then $—y = the Sum of all the Antecedents. 
And 8—4 = the Sum of all the Conſequents. 


112 128—5:8—2 per III. of this . ; 
l | 

2. S = 2 28 — e 

ST. -g res 

ey —a=eS—_s 

— the Sum of all te gala. 

Rr — che common Ratio, 

e © 

1 

S4 2 .S. the firſt Term. 


Note, The. ſet in the at the Gnend Swe. Þ 
of ergo; and imports NI 


in 
the firſt Step, is equal to the Rectangle of che Means. And ſo 
„ 131 1 


Sect. 3. 0f Darmonical Proportion, 
RMONICAL or Muſical Pr roportion is, when of three 


gt 


— 
Suppoſe 4 bc, r 
bemg;co-b 
l xy | sr. 


ee 


n nn as erk hath | 


| the fame Ratio to the fourth, as the Difference between the firſt 


and ova hath, to the Diliomace berwpes the chie cad fourth, 
That is, let a, b, e, d, be the our Terms, Sc. 


Then 14%: 4:: 5-2: l- 
1910 ieee 
; * at * | 4b | 
1 * . _— 1 
155 . 
3140216 1 EE 
 b—db|7jca=2da—db 
| 24a—db 
7 <= @ o& * 
1 
N 
e CHAP. vl. 


of Proper: D and how to tary 1 
Of raue, isjunct, * Equation 


r 


PROPORTION 


What hath been there ſaid, is 
Quaatities, viz. of Lane Lin? Ec. 


Numbers, is already — in 2 Part 1. And 


Chap. 7. 


_Of Propogtional'Quantities, — «| 
S E C T. I, 


F four Quantities, (viz. either Lines, Su ies, or Solids) be 
Proportional: the Rectangle comprebended urnfder the Extreams, 
16 Euchd ©. . c | 

For Inſtance, Suppoſe, 42. . c. d. to repreſent the four Ho- 

5 in Proportion, viz. 4: J:: c: 4; then will 
ad—=bc.. For ſuppoſe b = 2 a, then will 4=2c, and it will 
 bea:20::c:2c. Here the Ratio is 2. But a Xx 2c a xc. 
viz. 2 c 2. Or ſuppoſe b= 3a, then will 4= 3 e, and 
it will be a: 3@::c: 3c. Here the Ratio is 3. But ax3c 
Z xc, viz. Ze@a=JZac. Or univerſally putting « for the 
Ratio of the Proportion, viz. making Y = a e, then will 4 =c e, 
and it will be a: a:: c: c. But ax ce S c, viz. 4c 
Saec. Conſequently, a d bc which was to be proved. | 
Wöbence it follows, that if any three of the four Proportional 
Quantities be given, the fourth may be eaſily found; thus, 


Lair ja:d;:c:@ | 
1. [2 la d be as before 
s 4 „ ; 
5 | ad 
2244 5 = 4 
E * = 
| 1: be 
aku is, el THY * 
5 al 1 c Note, In this Manner Euclid, in 
2 T =/ | | bis sch Book, expreſſes the Ratio 
II of Proportionals, viz. the Ratio of 
Or 27208 8 4 to ö is — 
tb 5 13 15 


E 


I wor Quantities are Propertionals they will alto be Propor- 
tional. in Alternation, Inverſion, Compoſition, Diviſion, Con- 

. Verſion, and Mixtly, Euclid 3. Def. 12, 13, 14, 15, 3 
4 : That 


g 


| 


22 8 4 1 2 * 4 2 


, 


ad—bd=bc—bd, thatis, ad=bc. 
10 @—e:c::b—4: d, alternately divided. 
11 ad—cd=bc—cd, that is, ad=bc. 
12] a:b+8a::c: 4+ c, converted. Ak 

13] ad ac=bc£ac, that is, ad=be. 

I4| eþb:a—b::c+d:c—8&, mixtly. 
ac—ead+bc—bd= achad—bimbda. 
25 22a d, that is, ad=bec; as at firſt. 


\O 


W 


Simple Proportion, may be eaſily performed in Faden Wes: 


tities, and Surds, c. 


For Inſtance, 1 22 — 124 and if it be required to 
find the fourth Tem, it will be MS nya 


Means ; which 1 divided by the firſt Extream —- . will be- 


ab\ . d de — ccc 0 


7 2 | abfe _ 2 29 the fourth Term. 
Or it 5: III: Te: abc: to a ſourth Term. Then 
is, VAT CC, V DAPCöc abc the Rectangle of the Means; 
„ the fon Term. "OE? * 


. dc, &c. 


Seck. 2. e een, eee eee 


a - o 5 5 2 
3 . l * * * - - * 
1 : 
- 
* 
- 1 - 
N — 
* . 
. mm * 
- * . 
: | { . 
* 
, 


k_ a. 23 


11422523 77 7 be in din Proportion, = before 
2] a:c: 9: & co_ For ad = bc. 
31:2: „ For ad=bc. 

4 75515 22 6+ compounded. | 
514 ea, chat is, ad=bc, as before. 
6 vt 4+ Wy; d; alternatively compounded. 
7 148144 24 that is, 4d be. 
$] a—b:5: 1 7 d, divided. 


ws. 00 2a 0 wo Gas 
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But when Lines are compared to Superficies, or Lines are com- 
2 to Solids, ſuch Compariſans fare diſtinguiſhed from the for- 
» by the Names of Duplicate, and Triplicate, (&c.) Propor- 
— ſo that Simple, Duplicate, and Triplicate, &c. Propor- 
tions. are to be underſtood in a dilferentSenſe from Simple, Double, 
Treble; Se, Proportions, Which are only. as 1, 2, 3, Ec. to 13 
but thoſe. of Simple, Duplicate,” Triplicate, &e." Proportions are 
thoſe of o. 44. 446 „ &c. to 1. Or iftheSimple Proportions 


be that of 4 to b, | whoſe Rat or Exponent ® f or +. 
WE | S 
Thea 4 = N 
_ of 4 
+ Sa: | 7 

4 i the Exponent of the . 


| Triplicate Proportions, &c. 


And if there are three, four, 'or more Quantities in ==, as 
1. 4. 64 444.44, &c. (as in the firſt Series, Se. 2. of 
the laſt Chapter.) Then, that of the firſt to the third, fourth, 
and fifth," &c. Fe. (ix. t to . 434. 4% 3) is Du plicate, Tri- 
plicate, Quadruplicate, c. of the firſt to the r (viz. of 1 
to a ;) and by Inverſion, that of the third, fourth, fifth, is Du- 
'Triplicate, c. of that of the ſecond, to the firſt (a to 1) 

per Def. 10. Eucl. 5. But the Name of theſe Proportions will 
more evident, and be eaſier underſtood when they are ap- 

. to Practice, and illuſtrated by Geometrical Fi Bures. further 


Sect. 3. | How is turn Equations into Analogies, 
FROM the firſt Section of this Chapter, it will be eaſy to con- 


ceive how to turn or difſolve Equations into Analogies er Pro- 


portions, For if the Rectangle of two. (or more) Quantities,. be 
equal to the Rectangle of two (or more) Quantities ; then are 
| thoſe four (or more) Quantities N By the 16 Eucl. 6. 
That is, if ab—c4, then is a: c: r 4: , &c. 
From whence there ariſes this general. Rate * 


. e 


- 
* Serre 2 — 4419 C7 DN $075 are ee 


0 ; i «loaf! "RULE" A ed: 
1 | pt 


8 182271 — 5 


tuns ſuch Parts, or Fathers, at being pen ney well prime 
that Side again; and mate t n the , An | 
divide the other Side of the le 


3 and . Rad bithe 


f e 0 2 


e heats This « : FF 3 


or ö: :: 4: d, Ac. taking e 4 from both Sides of the 


_ Equation, and it will de 524 — 241 then 4: @::b—a:b, 


"W 


dr, 6:4::b—0a: 4, &c. 2 


Again, ſuppoſe aa + 24ae= 2by +3). Hoe eind 44-20 a0 


the two Factors of the firſt Side in this Equation 4 for 2720 
x4=44+2a84 
rr 2b "are the two Fagtors of the other Side 
erefore, a:y::2 +7 1a +2e, or 2b +y:a+2e::a:5, 
W ben one Side of La 4 oak 
as before; and the other Side cannot be ſo divided, then make the 


or Inſtance, Suppoſe = bd—=da+g,.then b: 


v r — 9 
c H A P. vl. | 
Of. | antics Solution s Quatyotck | 


— 


ett. LY Of Subtitution. 


EN gew Aua dad ne a 
Queſtion, are put inſtead of are en 
it, Rs called Subſreution. 


- 
89 


of 


in 


Neat. Or ſuppole aa+be—ca+da= dt, inſtead of b—5 
+ 4 put 5, or any other Letter not eng 


RF then a T dc. That i * un 


- Divide tither Sidi he bier Beate eee 


Equation can be divided into two Factors, 
yr - of that Side either the two Extreams or the two 


For Inſtance, If inftead of 
. you put.z, or any other Letter; that is, make = = 


aged with the Queſtion, 


6 


0 


„ LS... Gs. 4. A A. 


"4 


f 
; 
f 
= 
p 
© 
| 


de. att AY 


5 
us 8s 0 18. Boa 


577 N 9 gd SES , 
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be per ben | 


than d+- 
then it TAI Gee 

And this way of ſubſfituting or putting * 2 w Quantities 8 
ſtead of others, may be found very uſeful upon ſeveral Occafions;: 
ur. in Ofder' to make ſome following Operations in the Que- 
Mo Wore Way, and pertips" much ſhorter than they would be 
t itz" an you may obſerve'in ſome Queſtions hereafter pro- 


this TRA.” "mf 
xeratio! in which the ſubſtituted Quanti-- | 
we or uſeful, are performed according as the Na- 
. the Oelen required, you may then (if there be Occaſion): 
bring the original or firſt Quantities into the Equation, in the 
Place (or Places) of thoſe ſubſtituted Quantities, which is called 


2 as you OT further on. has 


% 


ee th _ 1 A — * 2 dads I bY 
Seck. 2. — Datadyatick Equations. 
Was the Quantity fought is broug . ity with 


thoſe that are known, and is on one Side of the Equation, 
in no more than two different Powers whoſe Indices are double one 
to 2 thoſe Equations are called Quadratick Equations Ad- 
N do fall ä of thee Forms or 


. 


Caſe 1. N . a* +2be*=dc. 

Caſe 2. a} | A 
Caſe 3. 2ba—aa=dc. 2 — =dc. 
. 4 2 =dc. | 2 + 2ba* =dc. 
Ao: aS— 2ba3 = 0 And 112 22 7. Pe 
12 47 4e. 234. —a*® de. 


r in one of theſe Kind 
than two, and the higheſt Power of the unknown 
Quantity is multiplied into ſome known Co-efficients ; you muſt 
reduce them by Diviſion; as in Sect. 4. of Chap. 5. and for the 
. Fractional that may ariſe by thoſe Diviſions, ſubKitute 

another Quantity doubled. 

For Inftance, let baahcae—ca—dede +c6, then 2 


cede Sec „ 
FE — Maw = =2, and if you pleaſe, 


% 


: Cc2 for 


— 


wo 


— ” 4 : 
4 aw” 6 Li w_ a 87 Y 


1 put's. = Then will 09—2.0=#/bo the hw ne- 


tion, equal to. the other, being now fitted for a Solution. . 
r theſe three Forms of Equations being thus pre- 
pared for a Solutions ma nay i reed age Pr yin 
off the ſecond or loweſt Term of the unknown 3 * 
is done by Subſtitution; thus, always take half e kno 


fellow Factor; and for nb „ 
9 ax in theſe. 


Let ee ala. . 


3 
2632 een b 


1 

214 

3 
e 

5e 

6 
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IA 5 
b By 


I 


. en ars 


. inn * VII 
— — — e 1 — — 
* . 1 | . : | 393460 © 5 
N Iajricetoabe=de — AES 
Put[2|a—b=e 1 wn 


2. 3 ag—2ba+bb=e 

a 4% =ee—dc' ( 
4 + dc| S A 
Su GES N TIFF © 


2 and 67A - = , 
s — 1 
— * 


2 3 EY ö — 1 — 


Tr the known co ccrn cara it's 


: 4 i A 


1 2b d. IX nd 
| 2 b—a=e Fit ac on * 
1 1a | a 
5 ee=bb—dc Eo et 


75 
Efficient, and add it to (Caſe x.) or ſubtraQt it from (Caſe 2.) it's 


OT” OL ac tb cc 6 FLY 


And this Method bein 


1 46, a®, &c. As, for inſtance, 
F 1% +26 =dc 1 


af +b=e, 


a * + 2h) pbb=es png = 
„Ar | 


1 
2 
2 
6, 
7 
8 


e =. 


B 


= | 0 3 | 
8 ww : 
* - TY 1 


| © FI — 


add, or ſubtract, according as the Caſe requires. 

But all Quadratick Equations may be more exfily reſolved by 
compleating the Square, which is grounded upon the 
of raiſing a. Square from Binomial, 
Sect. 5. Chap. 1.) Viz. if a 4-b be involved to a Square, it will 
be aa +2ba+6bb; and if 2 be fo involved, it will be a a — 
2ba-+6b5b, Whence it is eaſy to obferve, that aa+2ba=dc 
(Caſe 1.), and 22 —2ba=de (Caſe 2.), are imperfect Squares, 
wanting only 55 to make them complext. And therefore it is, 
that if half the known'Co-tfficient be involved to the fecond 


Power, and the Squaie be added to both Sides a 


the unknown Side will become a compleat Square. 


Thus Let Tr 1 F 
Bot] 2 bb =$b ss. 
142 3 4264 $5b=dc bb: 1 


388 4 — as before, 


4: you half the Co-tfficient 


bu 
= N 1 
1 n I; 
a 0 — — _ : — — 
> 5 _ " . 
P N : . 


er ben wbere- 


I Care being is | 


Conſideration 
or Reſidual Root. (See 


| 


—— mn r 
0 | 2] 81% ³ — 1 53 
1313 rn —— . 
4 3 4 —15 Vdc ke. as before. 


178 * 2 


But in Caſe 3. you mu chang © the Sys 0 of al the Terms in 
the Equation, C2 ; 
Thus 1 ant cite 3 8 mY , 

9 + 422 — 2128 — e x ew 3 
. —— G 


—̃ — 
And tis Mehod of complning the Square bil re i wer 
other Equations. | 
Fiz. TS Cale 7. 
>. For[2|. bb =b5, as before. 
1 +2 eee 
. £-+0 


2 
31 


| VIeXD —5 and fo 0n for the ref 


EF 


Or letl 1 i817 2s before, Caſe 1. 


142 : bs 2. 
= 1 e ! 
5 
6 


—— 


la aa == dc-+bb: . 2 | 
len? V*y :/ deX +03: —b, be. 


(COROLLARY. 


" idext, hat 88 Method ! i 
theſe ns 2 A e the Reſult a hl N= 
La 22 * e 
8 ian for 
in their —— Cafes for the Value of (a). oy 


Thus 


„ — 
Thus, When 24 L 1 b dt, then 
" There l. N: 
when aa — 2b de, then 


corem 2. a = b+yf de+6b6 
An when 2 —- gde, then 


Thbarem 3. a= b—y bb—dc ' 
| ros like Throne may be eaſily raiſed for the reg. 
If the known Co-efficients (of the ſecond or loweſt Term) be 


and 3 40 will be the Square of that Half, that is, 3 b b=3b 
and then the Work will ſtand 2 


Thu] 1[a@-+ba=dc 3 
IC on|2jea-Hba+bibb=de +436 
2 w*| 314 +35=v dc+4$66 4 
| . — — 9 — — and ſo for the reſt. 


— 


—— 


Nite, C 


placed in tho Margin again the ſecond Step fig 


niſies that the imperfeR Square a a + 5 @ in the firſt Step, is there 


compleated, viz. in the ſecond Step. 
Now by the Help of theſe Theorems, it will be ea y to calculate 
or find the Value of the unknown Quantity (a) in Numbers. 


EXAMPLE ; 


Suppoſe @ a + 24 a =z. Let b= 16, and 284644. | 
. Then a=y/ z—+ddb: — b per Theorem . 

But z 1 = 4644 + 256 = 4900, and v 4900 = 70. 
» Yr 70-— . 


But every Adſected Equation ; hath as many Roots (or rather 


Values of the unknown Quantity ) either real or imaginary, as 
are the Dimenſions (viz. the Index) of it's higheſt Power ; and 


either Affirmative or Negative; which may be thus found. 

I be given Equation is a+ 32 2 4644, and it's Root a=54. 
Let theſe two Equations' be made OD. or equated to o, UE. 

to ** 5 


any ſingle Quantity, as ade, &c. then is 4 50 it's Half, 


therefore the Quantity a, in this Equation, hath another Value | 


4 


. — 
Thus, er 4 $4=0. 


Then divide the given Equation by it's beſt Root and he 
| Quotient will he the frond Vale of Fo. 


— 


a—54=0) aa 4320—4644=0 ne. 
KK 

—+ 86 a — 4644 
862 — 4644 


Foe „„ EE 
- Hence the ſecond Value of @ is = — 86, or 86 =— which 
| ſeems impoſlible, viz. that an Affirmative Quantity ſhould be 
equal to a Negative Quantity; yet e e Viitee 'of 


a, and the ſame Co- efficient, the re for bai) Equation may be 
formed f 


22 


Thus, Let I 418866 
16.7 " a 8=+ 7396, VIZ. —$6x—86=+7396 
2+3 E f. bn 


EXAMPLE 2. 


S I a 4— 7 4 = 948,75, then per Theorem Cs. 

10812122 —724 2 r = Hor 

2E 3 — 1 (or 35) = gor=3r _ 
2 4 — +35 — : 


I = PE —_ * 2 


I 


— — 


Again, for che bbn Value'of a, let 3 350, 
and 4 — 34,5 S. Then a—34,5=0)aa—74—948,75=0 
(4 ＋ 27, . Conſequently this ſecond Value is a= — 27,5 


which will form the original 2 424 — 7422 if it 
be GE as the laſt was. | ' | y n 


EXAMPLE . 


Suppoſe <a ha then per Theorem 3. a=18 
— v/ Ji — 2275, vis. half 36 ſquared is 344, Kc. that is, 
e=Ii8—y 81; but v 81 =g, therefore a = 18—9=9. 

Now this third Form is called an ambiguous Equation, becauſe 
it hath two Affirmative Values of the Chon Quantity (a), 
both which a be —_ without ſuch Diviſion as was uſed 


| before. 


9 
* — ä —ä— - 
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2729 g= 243, conſequen 
dete Vaues 


will give a true Anſwer to the 
according to the Nature and Limits 


SCHOLIUM. 


From the Work of the three laft Examples, it may be obſerved ; 
that the Sum of both the Roots will always be equal to the Co- icient 
F their reſpectiue Equations, with a contrary Sign. 


I. 424 ＋ 324284644 
Here a = 
And a=—8) 


Thus. In Example 


eee 

274 — 0 — 243 
N 

(o) 


Hence, if 4 — 27 , then a= 27, as before. 

Notwithſtanding all Quadratick Equations of this third Form 
have two Affirmative Roots (as in this) yet but one of thoſe Roots 
Queſtion, and that is to be choſen 
of the Queſtion, as ſhall be 


86 


In Example 2. 


24 2 32 
44 —7 4 948,75 


3455 


And a=— 27,5 


In the laſt Example 
Which was changed int 


2 2 ＋t 7 | 

30a—aa=243 
o 424 — 3642 — 243 
Here a= 9 
And a=27 


= i 3 I 
_ 


[ Add 


befoxe. For in this Caſe, a= 18+ 81, viz. a=18-+9g=27, 
or, a 2 18 — 9 =9, as before. And both theſe Values of à are 
equally true, as to forming the given Equation ; viz. 36a —aa 
==243. For if a , then a4 281, and 
28712 243, therefore a=9. 

Again, if a= 27, then will a#= 729, and 364 2972: But 
| tly it may be, a=27, Now either 
a may be found by Divi/jon, as thoſe were in 
the other two Caſes, one of them being firſt found by the 
Theorem. Thus, let 36 4 — 44 — 243 2 o, and 9 —a=0' 
then 9 —a=0) 362 — 2 — 2432 O (a—27=0 


36 2 3243 but 324 


ving SY 
per in this Place; becauſe I here ſ oppoſe the Learner wholly gn. 


t of the-firſt Principles of Geometry, 
chat Work to the next Part by 
0 H A r. IX. 
Of Anal 


the Method of reſoloin woblems * 
ij by: V. * 7 os Dueitions. — 


LO H I adviſe the Learner to make Uſe akvays 
Letters, to repreſent the ſame Data in all 2; 


If 2 repreſent any Number "IS 
* a. 9 
tf a+e=:s their Sum. | 
| a—e=d their Difference. 
; MM 6 
Tren led —=q their Quotient. 
| cons the Sum of their Squares. 
de-at — — 


{ the ſans 


4 f Av two of the fix 05 a: 5 7, 2, x) ** given, thence to 
7 find the reſt ; which 2dmits of fifteen Variations, or Queſtions. 


Dueſtion 1. Suppoſe : and d were given, and it were required 
by them to find . . h. f. z. and ͤõ- 


IIa tg: U roe. 


1+2 3 ITT T4 = 432 
3 2 
27 4 2 216, here @ is hand. 


12 5 [28=5—d=48. 


of — 


66* 


9 +10 


2 , here es found, 
NET / A 1 
p 8164. here p is found. 


4 e 


4 
tee here ? is found. 


18 bes "2 


4 
S$S—2:5d4+dd 


a 
e 


(e 2 


76. 


24 4 2 


* 
A = 47232, 2 found, 


49 —ee=5d=x = qbo80, x found. 


Quęſtian 2. 
That if 
1 8. * 
2x4 
354 


bs 
115 


ja + 2 = 240 


* 


Let « and pt gr att. 


ae=p=5184 I a, 4.4. . axed 


44 ＋ TA = 


44 = 20739 
4 — 2 L e — 4 = 36864 


EO EATS TRIES NES ESTAS | 
24 =5+V 55 —4f 5 
8 CW hence 9=216 | 
2 


$7400 


| 
j4 = 
2728. 5 


ED ee. 


2 
. 

1 ee. 

aa ILL UID, _, | 


Liao 8 Loan Lp | 5 
1 
2 | 
ga +ee=rr—2P=2 247232 | 
E ee e — 46o80 
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4e ST 


Dd 2 


2. 
2 


| . 
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8 
» he 


| Dueſtion 


— 8 * 


2 „„ 0 
1 A 
f « * > 
%” 4 83 


Far II. 


Suppoſe s and g are given, to find the reſt. 


= I 
Pe ==9=9 12 . 5 « x. 4 


a=qe 


gebe=s 
3 n. 


rut 

| 

(ES) 25. 
e 


6x7 $lae= 3 | =o - =p 


68 [III. = 5 


2 224 
IO TIIIIZ JT: = 
F Z * - + 


10—11 13 424 — . 2 


Queſtion 4. Letsandz | be given, to find the reſt, 


” TWabSe=s. = 240 

Viz. q 2 a+ee=z. Steal . 
18. 3 aa+2arpeemss | 

— 74 ork 


2—4 5 24 — 24 4 8 22—45 
5 un bla—e=4/ 22z—55=d 


1 4 | : , ; ; 
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7 24=5+Y 22—. | 

— 3 wy 4 A; end L 
Eu 1 

9972 - 25m 

Ds | — . —. 


922 = — 
2 bag 7 . 


The reſt are found juft as in the 2d Qugftion ; the 8 and 10 
as ahi ſame with the 8 and FOR Re. 


: —_ — —„—- 


Dueftion 5. When fad ar give to find the reſt. | 


Vix. 1 IE el 0.6.9 Deg. 


341 


a—1===6, ViZ. ae) 4a — ee (a—e 


3 
1+3] 420=+5 == 
2 5 
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455 
— pax 


— 5 = 


SS 


t — 
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av* 


* - - Aa v 9 — 4 * * 4 
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l — — 0 
60 8 
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Dee 6 Suppoſe 4 and þ are her to ind the a. 


4a — e= d4= 192 


l= 2. 6. rg. 2. 4 


ae=Sp= 51 
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FIENTY 


2 a ee 
1 44-4 2 
=d4+vy dd+4p 


4+ TIFF. * LS 
eee. 24 F 
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1 2—13 
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Vin 7. Let d and f be given, to find the reſt. 


4a — 2 d=192 


£ =e=9 e. 


- * * . 4 * de \ SV 7 4 * * 
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a * —— = _——— —_—_— * 
—— * — 
* % 
| Of | | 
4 9 K "A + p 1 , 
* 5 A 
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1 
8 11 0 | 
8 of 1—22 711 
6. 12. 2 — 1 
Er Wag 
4 | 27 4. 
11 211 e 
* 3a 2717 2 
1144 —- 44 
11— 1211444 — 2 — — > „ 
. q9—29+1 i 
Dueftion 8. Suppoſe 4 and z given, to find the reft. 
1 rſe—e=d= 102 Le 1 
Fes. | 2 ele . . c. 
1863664 — 23 ＋ 4A ED 
2— 31 4422.22 — 44 = 
2-+4] S T2 TT = 22— 4d 
5 6 be=v 2z—dd=s 
1-+6] 7j[2a=d+v 2z—dd 
72 81a = | 
6—1 92 π⏑⏑⏑ά = ·᷑ᷓ= - 
. _ v 2z—dd—d 
. 332825 
| | 2—44 
$ x oo bs 6 
e 2=—d0 
8 @*11214 4a == „ eee 
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10 81372 — | — 
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= W L o 
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eite o. Let 7. ee 
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 $] 1{a—e=d= 
Viz. , 2 a} CO 5. 2. 2. 
221 3 2＋ 72 722 Viz. 9 424 — e. (a+e 
| 1 dd x 
I-+3| 4222 1 
1b 5 
9 2 5 +. 
1 „ 
5 = 5 
5 
5 x 6 1 F d 
W 
S 7 
3 ———— 
5 .* 18 — 
5 — — 
R 4 
e 24d =%Z 


Queſtion 10. Let þ and g be given, to find the reſt. 


ae=þ=51843 Ho 
a 6 
221 18 een | 


Or TIN by d u emonz , 


_— —— X 5 —— that 


=D S % & © £+; * 


-S . | þ 
AF | ; 
| 9 -r. 4 
CELESTE : 
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Dueftion 11 TH Letg and « get 
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2＋3 40% T 4 27 
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os = — 7 ivi=nr 
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2 9 9 

3 33 —— 


1911 12 == VEE + ESD 


"I EPI —vz—3p 


96.13 ben 9 — . . 
11 lea? 2 ** N 
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"= : _ 4 c " 45 
denn. 2 0 find the el. 8 


Viz. = £ 4e E= $184 Ie &c. 


aa—ee=x=46080 
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5 2 1% K 429 | 
| ; $@@77=4pp —— |. 
g 244414 2 . , 
FT 
Ent 
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1 8 F — — 
7 . — — — — 
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yh : 7 8 0 5 . : 7 4 4 
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+ Dueſftion 13. Having g and 2 given, to find the reſt. 
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422. 
Gd =qger 
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Queſtion 15. at) _ 


; — — —— 5 a 
Vis, 1 ee t Sega | 
1 *. AE 5 
x 
3 4 4 4 — 
— 2 5 — eas y a i geg. 
Fits | x — | 
5 >2| Glee = 
2 = : 3 
47 : 18 
| f 
| * 3 
6 w*| 8 wn 1 
: 93 a 1 
4 
7+8|9 * |: 
1 0 
72 8112— = 1 
eee 5 = © 


Theſe fifteen” 
but he putfues 


and e are found. 


Queſtions are 
12 the =Y 
off in the other fourteen, after + 


*. pf ber- TORN 
t, and 'breaks 
1 of what I call 4 
But I have proceeded in every one of them, 
Ss | to. 


me umbers for the reſpective 
ut all the Queſtians, becauſe 
ro os in.proving the Work than various 
"* ye been. Not but that any Ni umbers may 
| provided t that the —— repreſented by 
a., be greates-than.chat by ,- &c. I have omitted the — 
n eo 2 


+ - -i 4; 


16. There are two Numbers, the Sum of; their e 
is 2 3 6 $; and the greater of them is in W to the leſs, 
as 6 to 1. " What are theſe Numbers? 4 4.61 


Let a= the greqter Number, = ths lefſer; —— 2368. 


Then ee 
And 244 2226: 1 by the Gn 
2204 4 1a=6e 
3 ©] 4% 36 
1—'4| 5jee=2—36ee 
5 + 36ee| 637 = œ _ 17 ; 
2 . | ons , þ a= 48 
6 = = eng |. = 23 
| WW - &| 11 
„„ == Ret: — 
7 & by 43. 1 
8 * 9 6e=b/ e | aa+ee= 2368 
| | Land 48: 8:: 6:1 


— ———_ 


| Ou eftion 17. There are three Numbers in 1 8 
tion, the Sum of the Extreams is 156, and the Mean is 72; 
What are the two Extreams ? | 


nauer. 
iii $$e=5156 = Aby the Queſtion. - 
| The ee op AIRS $5 © de. 
2% Jr] 
54 1518 @*}: 4 4 +200 4. 10 
3x4] 51 4a = 4un 


„ene There are Gens Numbers is 42, . 


9 


= ol 6 80 nt C1 Scentfr om 4m ad: 1 +4 
6 ww? 4 2 21480 7 — = wr | e Fe i: 4 
+7 8 TEE „ 
| n $1—4 wm * 
+ —. 


| hg 
2 f J == 55 - 40m 
90 = — 2 —— 2 


74, and the Sum of their is 1924 ; What are 
Number:? | _ * 13938 
That is, 6, e, I are in ++ 4 


6+7] © Pups far AED 
58/9 Ne . 


Pe 


11 2e =, - = 224 


24 


4x 7115 4% (en; 4 
14— 151662 — 2 ＋- 552 * | 
16 w*h17jo—y=v/ 196=14 
13 +17h18]20= an 


— 
_— 


Atichmerieed or Geometrical) where three Terms are 
. Mean is the eaſieſt found firſt (as above) and if all the Terms be 


4 Affirmative, then it is 22 or laſt Tum be 
the — 


Note, In all Queſtions about continual Pr 2 


Sue 


* 


$55—p 


=: +v $15—p= 1:20 2 
a +y=5$2 


4@y=4ee=2304 
aa+2ay +yy =2704 
46 — 245 + y = 400 
q—y=v AMS 20 


ny OR etzt 


N. B. If you take Ie (at the roth 
Step) then it will be 76 — 52 = 24 =a—+5, which is impoſſi- 
ble, viz. that the Mean ſhould be greater than the Sum of the 
two Extreams. Therefore i it muſt de i- p24. 
— pe 


| Queſtion 20. 6 Numbers in Arithmetical Pro- 
„ the firſt being added to twice the ſecond, and three 
times the third, their Sum will be 62 ; and the Sum of all their 
Squares is 275 3 What are thoſe Numbers ? 1 


1 rn — =. RT R 


Suppoſe 1 4, e, y in Arichenetical 
2 +2e+35= 62 
4 il 3a eeyy=275 {by the Queſtion, 
Then] 4] a+y=2 « - det Set. 1. Car 6. 
24 .5 [2 ＋ 257 2 62— 22 
| 522 6 e-þy= 31— - 
6—£ | nt Big "+ 


1—7 324231 


'4 | 8 3-2? oY 


8 * * A 
Foe 7 3 
N F 


— — — C Rs. 
l 


_— — . 


re ese cn fs 
ö -er bas : 8 

AE ODE NY 0 

c ne - 20% 1 * 

[31 68372 e "th fl It 1 

4121 ee 1 | 


[tp gmt * 1 oe 
e — 
463 15 2 210 wes 
a=496=— 31 . 30839 
18 „ 2 21 ot 17% — 5 1 5 

ene 31 — 17 $5149 
8 — * br n 


> * 
. — „ 4 þ * * - 4 _ awed 
- 


Dueſtion 21. Thete are thre "I in Abthnictica Pro- 
grethon ; the Square of the firſt Term bei n 
duct of the other two is 576 the . 
to the Product of the two Extreaths, make 5133 and 
of the laſt Term being added to the Product can 
gxcond, is 792: What ae thoſe Numbets?”. 1 


- 
1 ©_——- ne 


a +yy= «yer aps . 
. JE t, 3:7 Er ' 


Suppoſe 1a in Arith r 
1 0 244 7576 
Then ; 4 trbya= 7 — 
8 : EU 4 v4 5 
| 1 a ＋ = 2e, per Set. I. Chap. * 
5 xe} 6jJae+ye=2eec —!. ew 
7 aa+ye+yy +ae=1368 
8 
g 


= 8+ 10 It ag ant es RI 529 4 %K: 5 4 n 


5 12 e 1 883 


| I'S 
2 dee 2592 | | is ons 
14 >= 8115 — ͥ — . is 
15 = 44324 = 18; he Meart. Þ | LEY 
8.17 2 Cre He 
10,118 2y4 =1224—See=$76'— 
17 — 13,19 e nen 


10 ew 1 


— 


2 8 | ” a 
*> : ll 


— — I 2AOO)]O>MNCEES — —L— ad hg 


I . 4 TY e 
, "2 * 2 
n 1E SS © 7 ® 
* 
o = __ 
© tc — c — — N 


ET Rn fre 18 | 
4 an 21 24 824 12=48 
"224 2j221e=24 
5 — 22 e 4 
ueſtion 22. It h e ande, that 
the Sum of their may be $2264 ; and their Product being 
added to the Square of the leſſer, may be 69213. 


Ilaa--ee=8$2263 
ETS · 
34% —4 e= 1305 


6244—1305 
— 


beet ue e 
464 
@| 7lee=8226,5 — 20 
— 1703025 =8226,5 44 
9 a? 2610 ＋ 1703025 = 226,5 44 a+ 
9 -+a*|10]2 at — 2610422 ＋ 1704025 == 8226, 5 44 
 10+|11]2 4+— 10836,5 44 = — 1703025 
112712 952 „25 = 855 12,5 (5,765 
*—5418,2500 Tl 265 62 2048784 
1 14% — 2709, 125 2 845,765625 = 254 
_ +27 &c.|15 14 2 = 2709,125 —+ 2547125 4,125) 
Su 160 = 2709, 125 + 2547, 125 5256,25 . 

| Then[17j@=v/ 52565 =7245 6 

| And gue = LSB eee, 
Or let 19 3 163 
10 % 20 = 162 = 12,2 &c. 
Then are = — which i is impoſſible. 


| many 12,72 
= lo =543 1 at the r7th and t8th Steps. 


 blee= 


_—_— 


he. nes. A.M. 4 + 4.4 45 — Md 


.T his Queſtion may be performed with 1s Tear, by fa 


— * — * _— 


cating Lomnes for che known dlumbeos 


84 +re=2z 3 
Vis, L. From ra pdmagmar, ke, | 


Ff ä 


10 241 


RR 


| 
9 and 12 
23199 


| 14 * 


15 w* 


In 


i 


8|1 


24 +34=59944 =c _ 


: ion 23. Ie is coquced to 
| th EEE 


r1]Jay-+ey = 37824217) 
11 5 LL EUs 


5IX ITA 
r 
„% i 
2 —24 
e 1 8 
1 — 20 
9 2 5 
nlite 
„ 2 
2 — 26 
= — 
2a 
2 2—24 2—23 2 22 —=24z —=2bz-|-4bd 
nn, ß 444 
Z—2C z2z—2dz—2bz+464 5 
ö 446 
VV 
e 


Sum being 


Then{ | rt men Prat 3 


Dod 24. It — 1 chat their 
ſubtracted from the Sum of their Squares, may leave 14, 
and if their Product be added to their Sum, it may make 14. 


Let & and „ be put for the Numbers, 2 


2 T = 
22214 —y 

24 28 28-2 : 
Ys} 740 OY | Y 
T. == 

a + e=2y, by: 1 above. 


10 ＋ 711 
110 0112 
12 13 
13 — 414 
Conſequent. 15 + ==, dy! Reflitation from above. 
3 and 1416. T 144 6=20 
5 and 1517] 2282828 — 122216 
16 — 17118646 — 22 4 24 
18 0 19 %% — 4 == 2 
15 ＋ 1920 22 . 83 { If a=4, and e= 2 


1 Then aa pee—a—e=14 
23 — 2]21| 2224 Proof And N e e=14 
— che — 


1—21 1 — 


Nueſtion 25. Three Men 8 of their Money, faith 
the rſt, if 100 l. were added to my Money, it would be as much 
as both your Money put together; ſaith the ſecond Man, if 100. 
were added to my Money, I ſhould have twice as much as both 

have; ſaith the third Man, if 100 l. were added to my 
Morey, I ſhould have then three times as much Money as both 
you have: How much Money had each Man? 


& - #4 repreſent the fir Man's Money, « the ſecond, and y 


the third. 
1]a+ 100= e 
Theo} a1 1998 2.0 + 55 hee. 
CTC] 3p Hioo=3ept3ed 
1— 4 4| e+ y—a=100=s 
2—e| 5 . 
3 — 2 6133 ＋3 . — 5 =100=5) 
; 4 and 6| 7le+y —a= . 
p 7 82728442120 
1 5—8 9 243— 2. —42— 2 
9 +44—2e[i0ſbaþe=$= 100 
446111 224422. 200 


f n . f 2 | -—4202- 


E 


10 x 4 raise ee 
12— 1113 — 5 


10 - 6/15. erg d 
8 24 6b 2 ＋72 . 


firſt 14 24. 
Anſwer. big |» 24 95. 4. 
L Cthird 04k 12. — 


— — — _ * — — 2— n 


Satin 26. Three Men. have each fuch a Sum of Money 
that if the firſt and ſecond Mens Money be edded c HF of whe 
the third Man hach; that Sum will be 9 I. And if the ſecond 


of the ſecond Man's Money be added to the Gull and third Man's 

Money, tha Sum will ls be ga. How much was cach Man's 
oney 
— Puts Gr the 14 Mon'o Money, « for the 24, and y for the 36. 

(| 1[e+e+428=5 

4 527 45 —— and 5= 
\e+a+yaz=s) 

4 T 
£$—4 T 1 

1 6 8 y 


3x 4(12 eee = 45. 
12 — 273 334+ 3)= 35 = 270 
13 and 714 34a +44a=3:s=276 

I4 x 3015 ie r por 


e 
11 17 * 


and thin Mens Money be added 20 one. third Part of the firſt = 
Man's Meney, thet fines wall bo 21, Laſtly, if one fourth Part 


. rn. the 94 Man's Maney. 
8p = "a 


» @ 1 


6 
3, 
F 7 5985 
+ >/- ; lg 
ay 20 


- | 


16 
8 182 — 
— 25 
19 — ny 
= 150 Ugh 
08 
M Number 
r af Shillings, 


222 - : 255 8 — 
——— 


— 


— — — which 
. ——ů and if co the firſ 
's Money be added 8 Pounds, it will be juſt as much as the 
ſecond Man's Money decreaſed by 8 Pounds, and as much as 8 
times the third Man's Money, and but as much as one eighth 
Part of.che f Man's Money's how much had each Man? 


Let, 7, 3, # repreſent the four Mens Money. 


N T. I=: 

N +b=e—b | by the Queſtion. Let « 
hen . 22% . or any 
TRY 1 * 1 Coe. 

* a+ 2b= £5 

Sp = 7 bee 

| p 6 +35, for == 245 | 
b 


7 2 4414 
8 ae 
. bb EPLY 
10 

I 


2ba+bbaba=bs—bbb—2bb—b 
bs —bbb—2bb—b 


12je=a+26b=a 22,691358, 
31+ 2 32, 69 1 35 . 

= 3.086419, Kc. 
175 nne 6h 3 
| & ; ue --& 


1 2355 92592 
= 3. 1. 8,4056 


— 10 2225736 


8 Citi Ins 
which fhould be juſt 250 J. he Sum 


Now what it wants of that Sah 
— — 2 


of the ul hav being þ — 
which w have brought it heater the Fruth, tho*.not- per 
55 — Or Ree a 


18 19 „11, 


en 


W 4%. N ; 
92 * 


Fan II. 


. 


— 124 = mei ane. 


iP i 16. 13. -9,92592 
eee 5 4 


Rueſtion 


151 


DS 


rng 1 


Partners; with that Stock they traded and gained as many Pounds 
per 1001. as there were Partners. Now if 10/. 105. be added to, 
and ſubſtracted from, their Gain, the Product of —— and 


| Difference will be 64917. 65. 3d. 
= How my Merchants there were, Ge. 


Let 
1 * 85 


Viz. 


 5+75F| 


5 — 10,5 


6x7] 
8 x 76000 
9 +] 


11160 


10 ＋ 4225 
| II _ 


by 


1 
2 


3 


12 


12 x 85 


8 4225aaaaaa 


= the Number of Merchants. 
"Wh a S every one's Sum put into Stock. 
65 @ a = the whole Stock _. 


100: 4:: 65 2: -, SEE n the Qui 


222 — = the whole ol 


, EEE —110,25 =6491,3125, by the Oe. 


4225 4 — 1102500 = 649131 25 
4225 46 = — oa = 
— =o. 


=15625 
5 the Number of Merchants. 


13 


a= / 15625 = 


65 @ = 325 Number of Pounds each put in. in. 


LQueftion 30 


Three Merchants j join 


Stocks together; the bol 


Mans Stack was leſs than the ſecond Man's by 137. the ſecond 


and third Man's Stock was 175 J. in trading they ga 
than their whole Stock was; the firſt M 
the Gain was 78. What was each Man's Stock and Part of the 


Gain? 


a 
2 


3 


8 eee 5 


in 48 J. more 
an's an vt Bae Part of 


Let a, 69 n 


a+e+y=s the whole Stock. 
5+48= the whole Gain. 


a+ I3J=e 
44, f lw tbe Olten. 


6 and 2 


F 


Pare — 


- % * * 
N * * * 
* > . _— > & 74 £6 


þ| 715 4- 48 = 223 
Mere $0:n3 40:10:78 yer Queſtion. 
| 9je a+ 2230 =58@+1 
„ l ares 0 
11 4145 e+ 5256, 25 = eng 
| ww? [12] + 72,5 = v 18906, 25 13%, 
12 — 725130. = 13745 — 7245 = 6s. 
| 3. 378 =a+13=78 
4a— wth = 
* Then 16 . 5 78 931. 125. is. 
Again 176 N bh : 97 : 1161. 8s. =y's Gain. | 
p 4 18 * 8.493“. 125. 478. 22581 the Gain. 
3 


1966 + 78 + 97 = 240. the whole Stock. | 
18 — 19120 8—240=48 — —— _ 
| A Father at his Death lefe his three Sons his 
| in this manner; to the eldeſt he gave half of it, wanting 
„ 44 Pounds; to the ſecond he gave one third of it, and 14 Pounds 
£ more; to the youngeſt he gave the Remainder, which was leſs than 
Rs What was each Son's 


Let a, e, y be the three Shares, and z = = the whole Sum. 4 


* 


er 
F Fe 
J / 4 ={=+14—82 3 
2+3+4| 5| S Fe +3 == + 2 —98 

. 2 
32=22 +3 2% 


e Lee NR 


— 44 = 250, the cldeſt Son's Share. 
++ 14 = 210, the ſecond $on's Share. 


= 
J 
= 


a 
e 
wi 


8 
e 
1 00 


1 5 


in 


12 y=8 — — —— SC. 


22g 


fiquare Root of what be then had, nl 
——— the third Throw he won the Square of all be 
then, had; after which his whole Sum was 1121. 16s. What 


3 7 4 
11 a=his firſt Sum. Then 

1 2} 2|2 a =his Sum after the firſt Throw. 

And 315 TV the Winnings at the 24 Throw. 
23 42 ＋ V2 the Sum a after the 24 Throw. 
106. 5[4ae@+220 +25 +4ay/ 20: T1 r the 
| Winnings at the 3d Throw: and therefore 

4 +5) 6 440+24a+30+4ay/ 2a+1 1 24=2256 Shil. 

But to avoid theſe Surd Quantities, ſet un, inſtead of ſuppoſing 


: S the firſt Sum, make a ſecond Trial, vis. 


Let 112 a@= the firſt Sum. 

Ix2{| 2144 a = the Sum after the firſt Throw. | 
Then] 3|2 a+ 5 = the Sum won at the 2d Throw, 
2 431 414aa+2a-+5 his Sum after the 24 Throw. 
4 G* 5 162-1625 +444a+20a+25= the Win- 
nings at the 34 Throw; and therefore 
++5 6 — . —— Bk 


r - 


—_— 


Vet 3 to avoid theſe high Equations, let us make a third 
a ve ; 


Let] J = the fit Sm. 
7, a a = the Sum after the firſt Throw. 


2 
Then] 3|4 +5 = the Winnings at the 24 Throw. 
2 +3] 4 aa-+a +5 = the Sum after the 24 Throw. 
Subſti. le=aa+a +5. 
56*[| 6 ue Ws eos 34 Throw. Thea 
S + 6] 7Jee+e= 2256 Shillings by the Queſtion, 
7C ol] 8Jee+e+ 0,25 = 2256,25 | 
8 w*'| gje+ 0,5 V 2256, 25 =4735 
9—0,5|1o0ſe = 47 
5 and 101 C A＋ =47 
11—5 11244 ＋ 4242 
12, C ofizfaa +a +0,25 = 42, 25 | 
I 214] +035 =y/ 42,25 =6 5 
14 — , 58] 26 
16 


po 36 


2 3 1 he Shillings he hed bis 
* Pocket when he began to play. 


| Note, 


16 — 2 1712 — 


ls 


| — — nns 9 = 
226 — . W Part dl. 


- Note, * reſolving of the laſt Queſtion, 'I have ninds three dif- 


. Suppoſitions for the Thing ſought, purely as an Inſtance, 
to ſhew the young Learner how well be ought to conſider the 


—}_ 


Nature of the Queſtion, when he firſt ſtates it, and make Choice = 


of repreſenting the Things ſought, ſo ac to avoid cit into 


Surds, if poſſible, viz. as in the firſt Suppaſition of @ = the firſt 
Sum, Cc. Not but that ſuch Equations, may be ſolved, as ſhall 
be ſhew'd in the next Chapter. However, it is moſt like an Artiſt 


to perform Things of this Nature the neareſt and eaſieſt Way they 
can be done. je 
eri- 


weftion 3 3. Suppoſ⸗ there were two equal C ircles, 
D 2 ) are divided into 443 10 egg Parts; 


pberies (viz. Circu 
were ſo placed upon one Axis, as to move the 


.and that thoſe Circ 


' contrary May to each other; and ſuppoſe one F them te move but one 
of theſe equal Parts the fit Day, two Parts tbe ſecond. Day, three 
Parts the third Day, and 1 on in Arithmetical Progr 


Mon, viz. 
I, 2, 3, 4, 5, &c. and the other to move every Day the Cube of 


thoſe Parts, 1, 8, 27, 64, 125, &c. of the ſame Paris; How 


many Parts, and 4 many Days muſt each Circle move, before tbe 


fame two Points meet that were together when they began to move ? 
In order to give a ready Solution to this Queſtien (or'any other 
vo this * it will de convenient to premite this Emm. 


"LEMMA. 


The "WR of any Series of Cubes whoſe Roots are in Arithme- 
tick Progreſſion (the firſt Term, and common Difference being 


Unity or 1) i is equal t to the Square of the Sum of all thoſe Roots, 
As in theſe. 


Terms in Acith. Ec. their Cubes. 


"© 
— 
a 
wa 


21 x 21 = 441 1 Sum Tf theis Cubes, 


. a oft ds dos. 
| Then! 2ja@ = the Sum of all the Parts the 24 moves 
Conſequen.| 3ja@ +a = 44310 by the Queſt, (per Lem. 
2 C0 4 4 Te, 25 41% 


4 uy? 


Aud 32a+20e+16y=1232 


— ” 


—.— — — = — _ 


re tet 
1 6 a=216] — od 1888 Circle 


6 6-| 7]aa=44100 133 the ſecond 
Next to find the Number of Days they moved ; there is given 
the firſt Term = 1, the common Difference t, and the Sum 
of all the Terms = 210, thence to find the laſt Term, which in 
this Caſe is the ſame with the Number of all the Terms. 
Let a = 1 the firſt Term, e=1 the common Difference, and 
Ss = 210 the Sum of all the Terms, to find y = the laſt Term; 


as per Sect. 1. Chap. 6. Then yy +ey=25 + aa—aeby the 


16 Step, Page 186. that is, yy Ty = 210 x2 420 &c. Hence 


5:0 the — of dere — 


— — — n — 


— 


* ſhall now * to give an Hs or two of the Method 


used in arguing about unlimited Queſtions; viz. ſuch Queſtions 


which admit of various Anſwers, ſuch as thoſe in Alligation Al- 


ternate promiſed in Page 117. 


In order to ſhorten that Work, it will be convenient for the 


Learner to know the two Signs of Compariſon, > and T. The 


Sign is of Gꝛeater than as b > a ſignifies that 6 is greater 


than a. The Sign S is of Leffer than; as 6 * d ſignifies that 
b is leſſer than a, Sc. | 


EXAM P LE 1. 


Dueſtzon 34. A Tobacconiſt bath three Sorts of Tobacco, viz. 
one of 25. 8 d. the Pound, another of 20d. the Pound, and a third 
Sort of 15 d. the Pound; of theſe he would make a Mixture to con- 
tain 56 Pound, that . be * fer 22 2d. the Pound : How much 


* each Sort may be tate? 


Let a = the Quantity of that worth 32 Pence the 1 ED 
that of 20 Pence the Pound, and y = that of 16 Pence the Pound ; 


5 I viz. each Quantity multiplied 
Then a +e+z=506 Mas it's own Price, equals their 


Sum multiplied into the mean 
Price. mw 
Ge 2 | This 


This Queſtion beit thus ſtated, cen by Rule 1, Page 596, 
that it is capable of i ng hs fate, Anſwers; becauſe for any one of 
theſe three Letters, a, e, y, there may be taken any Number at 
Pleaſure, provided it be leſs than 56. But although that may be 
truly done, yet there are ſeveral Ways of arguing about theſe Sort 
of Queſtions, which will limit or bound them to all their proper 
or poſſible Anſwers in whole Numbers. Thus, 


Let] i]Ja+e+y=56 
And] 2 1 een = 1239 l- above 
1—@| 3[epy=56—e | 
2 — 324] 4|20eplIby=1232—328 
3 x 16] 516 ＋ 1639 = 896 — 162 
4— 5 6 42828336 — 162 
624 +3 e=84—4a; henceaV21 
327 8 5 234 — 283 „ 
From the two laſt Steps it appears, that the Quantity 


by a, ought to be leſs than 21, and 
any Number betwixt 9 and 21; may be taken for the Value of a: 


whole Numbers. 


Suppoſe a = 10, then e=84—40=44; ver 5th Sep] and 
5 230 - 28 2, per Sth Step. Again, if a=11, then 


= 84 — 44 = 40, er th Step, and y = 33 — 28 = 5, per 


$th Step: and fo on for thi reft, which will be as in the follow- 
ing Table. 7 
Tz] T2 f 24242 
41 2 28114 1811226 
goi 5h ww 24 | 17 191 829 
121364 84 | 16 20 20 20 8 
113132 LL L 16231 


Thus it will be eaſy to ) find out and collect all the limited An- 
ſwers to any Queſtion (of this Kind) wherein there are only three 
Quantities propoſed to be mixed: but when there are more than 
three, then the Work requires a little more Trouble ; becauſe the 
fingle Limits of all the Quantities above two muſt be found ; that 


is, if there are four Quantities concerned in the Queſtion, the 
Limits of two of them muſt be found ; if five Quantities are 


concerned, then the Limits of three of them * be found, c. 
As in the following Queſtion, - 


Queſtion 


greater than 91; t T 
Conſequently there may be eleven Anſwers to this Queſtion i in 


Nene 35. e Sorts of Wines 
together ; vix. one Sort worth 7 8. 4 d. the allon, another Sort 
|." 43. 7d. the Gallen, a third Sort worth 3 8. 84. the Gallon, 
and a Sort nd 23 9d. the Gallon : How much of each | 
Sort may be taken to make a Mixture of 63 Gallons, ſo as that the 


whole Quantity may be fold far 5 8. 6d. the Gallon, without Loſs, &c. 


Firſt, let all theſe ſeveral Rates, and the mean Rte, be reduced 
to one Denomination, viz. into Pence. 


23 4d. = 88d. 45. 7 d. 255 d. * 
Viz. 35. 8 d. 44 4. 25, 9 d. 3 4 and 55. 6 d. = = 66. 


0 the ntity of that worth 88 4, the Gallon; 3 


that of 55 d. the Gallon, y = that of 44 d. the Gallon, and 4 = 
that of 33 d. the Gallon, 


Then] la +e+y+#u= 63 by the Queſtion. 
And] 2|]88a+55e+4439 +33u=4158 =63 x 66 
1—@| 34 e+yHu=63—e 
2— 88 2 4|55 e443 +33u=4158—884 
3 * 33 5 $304 333 +338=2079—336 
4—5| 6 z26＋115 2 2079 —558 | 
6 ＋ 1 7] 2e+y=189—50a; hence a Nor 377 
3 * 55 855 ＋ 5555 3465 — 552 
8—4| 9[lly+224=33a— 693 
9=n 10 5 ＋ 22234 — 63; hence 4 or 21 


From the 7th and i oth Steps it appears, that the Quantity of 
that Sort of Wine denoted by a, muſt be leſs than 37 4 E Gallons, | 


and greater than 21 Gallons: that is, it may be a = any Num- 
ber of Gallons betwixt 21 and 37 J. Whence it follows, that 
| there may be collected 16 Anſwers to this Queſtion from the 


Limits of @ only. 


Next to find the Limits of e, , and «. 


Suppoſe 11 = 22, then will 5 3 110, and 3 a= 66 
Butjiz|ze-þy=189—5 a= 79, per 7th Step. 
12 — 2 132 79 — 2 ; hence e = or 39% 
Again 14% HD =- ==, per zd Step. 
14— el P- = 41 — 
15 — 13018 8 38; hence e > 38 


From the 1 3th and 16th Steps it appears, that 8 then 
2 39, 279 — 2 1, and = — 38 21. 


Again, 


Suppoſe 17 [ = 23, then 5a=115, and 33 2 69 
But 18 [2 ey = 189 — 54 = 74, per 7th Step. 
18—2ellg9|y=74—2e; hence e= I = 37 | 

Again] zle +y +#u = 63 —a= 40, per 3d Step. 

20 — ez b +#= 40 — | 

21 — 19122 . 


From the 19th and 22d Steps it appears, that if a = 13, then 
e may be either 35 or 36. 


' Once more hes 2 farther hs 


Let 2314 24, then 5422 120, and 340 2 
But 242 = 189 — 5 a =69, per 7th Step. 
24 —2e|25] y=69—2e; henceeR 2 or 34% 
Again 26 N 
26 —eſz7] y+u=39 —- ::. 
27 — 25 l48 1 = 30, hence e > 30. 


- 


From hence i it appears, that if a = 24, then e may be either 
31, 32, 33, or 34, viz. it may be any Number betwixt 30 and 
343 by the 25th and 2 8th Steps; from — 


u may be eaſily found. 
| 3. then y=7 . Al 
= 32, RE — 1 112 
Rt 2 : — 
34. J=1. 224 


Peroceeding on in this manner with all the other ſingle Values of 

a4. there may be found above 120 Anſwers to this Queſtion in 

whole Numbers: and if you pleaſe to put a = Fractions, Fac 
may be found an innumerable Set of Anſwers ; whereas the Rule 
of Alligation in Fulgar Arubmetick affords but only one Anſwer in 

| Fractions, to wit, that of a= 31 , e 101, y=I03, = 1023 
as may be eaſily tried per Rule Page 115, SS. 

Theſe two Examples being well underſtood (eſpecially if the 
laſt be thoroughly purſued) may ſuffice to ſhew the Method of 
limiting the Anſwers to all Sorts of Queſtions of this Kind. I-ſhall 
therefore conclude this Chapter of Queſtions with giving a Solu- 

tion to the Enigma (or Riddle) propoſed (but not anſwered) by 
| Mr Jobs * in che Cloſe of the Appendix to * Ae, 
which 


— 1 231 


which alldrds ſeveral pretty the Solution whereof will 
diſcover. a certain Sentence 3 which muſt 


be ſound by the Help of Figures k 
min, “ ) 
. „ Oc. called Indices. 

„ e E #5 Oe war rn” 
So that if 0 Taken 66 a te or bs cage und. the Letter to 
which it belongs i is conſequently kno 


The Enigma. 


"= the Difference between the Indices of the ſecond 1 
of the ſerond Word, and the third Letter of the firſt Word, be 
multiplied into the Difference of their Squares, the Product will 
be 576; and if their Sum be multiplied into the Sum of their 


Squares, that Product will be 2336, the Index of * ſaid third 
1 being the greateſt. 


Let] 1]a= the greater Wa or that of the 3d Letter, 
And] 2zje = the leſſer, or that of the zd Letter. 


a—exaa—ee= 576 
Theo | FF 


aaa—aac—acebtee=576 
aaabaaceHactebeee=2330 
2442 42281760 ; 
aaa+zaaepzateÞ+eee= 4099 
eee 
4 =a+eſiojſaa 1 = = 14þ 
9 @*[iiJaa+2aebee=256 
11— 1012 2 40 2110 
10 —12l13](a a- 24e T e236 
13 ww? 14] —e=v 36 = _ 
9 + 14hrs "«Sn] 1655 hence it appears, that the 3d 


1 
_ = 
6 + 7] 


8 w* 


\O Daw i = 


15 —2|16] a=11 Letter of the 1ſt Werd is |, and 
 9—16li7] e= 59 Che 2d Letter of the 2d IVerd is e. 


Note, In order to ſet down the 1 (as they become found) in 


their proper Places, it may be convenient to ſupply the vacant Places 
_ with Stars, 


Thus Firſt Word Second Word Tbird Word 


Inlet eint „ 
| — | An The 


— th 
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2, The Indices laſt found, are the qe Rates af dies dMane- 
bers in Arithmetical P —_—  ——_ 
of the firſt Letter of the third Word; and the Mean is 
W R 1 . ord. Fiz. 
$ . 7. # « 33,400 erms in Arithmeti m. 
Whence it appears, that G (whoſe Index n the T Lone: 
of the third Word; and that i (whoſe Index is 9) is the fourth or 


laſt Letter of the firſt Word; which being placed down, will : 
Rand thus, BY 


„l. „ Concer 
3. The ſecond Letter of the third Word is the ſame with the 


died Lawn of the firſt Word; and the fifth Letter of the third 


Word is the ſame with the lat Letter of the firſt Word: whence 
the Letters will Rand thus, | 


* * li. zes Glu # #7 +. 


4. The Sum of the Squares of the Indices of the firſt and ſecond 
Letters of the firſt Word is 520, and the Product of the ſame In- 


dices is ſeven Ninths of the Square of the greater Index, which is 
the Index of the ſaid firſt Letter. | 


Let a = the greater, and e= the lefler Index. 


_ Theal tle cob ee=rz0ti  o os. 
And] 24 28326 f F according to the Date. 
2 —a| 332 
3] 4jlee=H#an 
1—4 5a 2 520—- 22424 
5x81] 681262 42120 — 4944 
6 ＋ 494 4/ 7130 4 . 42120 
7 =.130] 8 4 24153 324 
8 9e = 324 = 18, whoſe Letter is 3. 
3 and 9110 228 3214. whoſe Letter is o, 
Hence the Letters will ſtand thus, 


Soli. *e**#*. Gl. 12213. 


. The Difference between the two laſt Indices, is the 2 
| fie firſt Letter of the ſecond Word, viz. 18 — 14 = 4 


the Index of the Letter P. Then the Letters will tand thus, 
Soli. De # * *- Gl. 4K 1 *. 


6. The 


4 12 m 2 
* a 
* 


45 of - 


WO thind and laſt Letter of the ſecond Word, allo the 
third Letter of the third Word, are the ſame with the ſecond 
Letter of the firſt Word; hence the Letters will kana thus 


Soli Deo hie. 


67 Tue Sam of the Indies of the fourth Letter of the third 

Word, and the ſixth or laſt Letter of the ſame Word, being 
added to their Produd is 353 and the Difference of their Squares 
is 288; the Index of the fat Letter bing the af, 


Put # = the greater, and e = the leſſer Index, as before, 
- om pads, cock $$ by the Data. 


44 — 22 2 


1 
2 
1— 2 e | 
Ky = . hs wes ne ae. 
1225 — 70 ＋4 | 
| 5 aa +2a+1 
18 aj —.— 22 2. 
2 +5| 614 0=288 + — ITS, 


4 a* 422 4. 64 ＋ 288 
6xaake.| 7 . +57 ; 
7 + ww ĩͤ 


This laſt being reſolved according to the Method 
which ſhall be ſhewed in the next Chapter, it will be a = 17 it's 


Letter; * 1, the Index of 


the Letter a. Then theſe two Letters being placed according to 
the Data 2 are all — required by the Enigma to com- 


Soli Deo Gloria. 


CHAP. 
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CHAP. X 
mae faced Equations in Number. 


BEFORE we proceed to the Solution of Adfected 
it may not be amiſs to ſhew the Inve 0 

of thoſe or Rules for the Roots of Simple 
Powers, made uſe of in Chapter 11. PR I hall here make 
_ Choice of the ſame Letters to repreſent the Numbers both given 

and ſought in my Compendium of Algebra. 

eG, always denote the given Reſolvend. 

Fi el he ever pts 

Vis. Le "= Uma be, whether it be greater or leſs. 

the ” is Pe of 'the Root ſought 

which r is to be either increaſed or . 


Then if be any Number leſs than the true Root, it will be 
r -- e = the Root - But if v be taken than the true 
Root, it will then he — += the Race And put D for 
the Dividend that is produced from G, after it is 
divided by r, c. (into the Co-efficiems of Adſected Equations) 
according as the Nature of the Root requires. Theſe Things 
2 „ 


= 


— 


— 
— 


TT FOR the Square Root, viz. a6 C. _ 
Let] r ee | 


I @-* 11 | 
2—rr * G—rr. Call it D, viz. DG tr. 


This ſhews iſt the Method of 
Then| +12 = LJextracting the A 
| 2 ＋. Sect. 5. Chap. 11. 


327 eie D. 
e . 


The Arithmetical FRED hs * theſe Theorems, you 
| have in the Examples — to which I re 


and 


— = 7 2 X K 8 Hs y» * * 5 A 1 N 
N T - " Y . 
, — — 0 4 * 7 : 9 
* 81 
By 


«444 ti. M4 
- - ' #6 ks 
1 9 \\ 
- * a nd 4 . * 
- , 2 
p . —— _ * ” 
: 
2 pe 
r * —m—Ä— A 


— = = 
IEC —— expreſt. . 


ry u. To extrat the Oube Root ; vis. #0 «= C. Quere 4. . 


Let 1|r . =, ſuppoſing 7 leſs than the true Root, 
16 2{[rrr +3rrebgreebeece=aca=C 
2—#rrr] g[3rre+greeheee=C—rrr | 


22 


n the Wenn ples n KC 


© By this 
Page 132, are performed ; the which being compared with this 
Tun may be eakily underſtood. 


a> Suppoſe aaa=G, — and * 


than the true Root. 
eee being reject 


11 — 


2rrr—zrreþ3ree= i as defore. 
| 3] grre—Jree=rir—Gc 
rrr—6 


| 4[re—re= * =D 
ASSES 
Which gives this T heorem —_— | 
I this * the third Example in Caſe 2, Page 133, is 
III. To extract the Biguadrate Root; viz. a* = G, Se. a. 
Let 1 


1 — 22 4 ſuppoſing v leis than j juſt. 


2|r*þqrrre+brreemat =6 1222 | 
2 — 5 34 T rrer bree = ers of e above c c. 


1 
by z3+2r7 4,2 r e+ 38838 - 


— — @ 
2rr 


Which gives this Theorem 


=4e 


D 
21 + Je 
Hh 2 B 


= 3d Panel. 


this Theorem the Biquadrare Root 6f'an Number be 
E But, as I have already ſaid, "1; Aung — 


ns dada may be very well performed by tro Bur of te 
Square Root. Vide Example, Page 133. 5 
IV. To extrad the Surſolid Root, viz. air G. Quzre @. 
If y be taken leſs than juſt, eng as before, and 
= =D, which gives this Theorem —5— = 6. By 
this Theorem the Surſolid Root, Example 1. Page 136, is ex- 
tracted. nne : 


SE =D, which gives this Therem a. =. By 


this laſt Theorem the Example in Page 5 

I preſume it needleſs to purſue the railing of thoſe Theorems, 
for extracting the Roots pf Simple Powers, any further ; * 
the Method of . is general, how hig ſoever they ate 3 
— W EIT) Ter ROT 


5 SE C.T;- 2. 
NoOrwichſtanding ing I have already ſhewed the Solution of Qua- 
dratick Equations, two ſeveral Ways, viz. by off the 

loweſt Term; and by completing the Square, vide Section 2. 
Page 195, Sc. Yet it may not 1 amiſs to ſhew, how thoſe 
tions may be reſolved into Numbers b this univerſal Me- 
thod of continued Series; wherein, if the r be taken equal 
to the firſt true Root, or ſingle Side of the Reſolvend; and every 
ſingle Value of e (as it becomes found) be Kill added to it, for a 
newer, then thoſe Roots may be extracted without repeating 8 
ſecond Operation, as before in the ſingle Rowers. 1 

Caſe 1. Let 20 2b G. It is — to > find the 
Value ofa. 

Put] 1[r T 

168.2 rr b-2rebee=ac 3 
1x 2b] 3j2br +2be =2ba 
2 +3] 4 V 
14er &c.] 5|2reþ2bebee=GC—rr—2br 
- 522 ole Te TH i- 25 


D / 
Which gives this Theorem — IIb” =o 


Suppoſe 


237 


Suppoſe $=464, ad G 38692865 = 8 then 
7 7 = 36000000, and 257 == 4368000. - But 36000000 + 
4368000 = 40368000 * 38692865 = G. Therefore the 

7 I 6000. Let r= 5000, then 


Iſt r = * 19346432, 5 2 16 
I 364 — 1432000, =zirr-+br 
ity +b= 5364 $026432,5 =D ($00 > 
＋ 1222 40 46112 | 
| 1 Diviforgg6s) 41523 (Game 
TE =» 37164 
4359 ( 7=e 
2 Divifor 6394) 43592, — 
3d r + b = 6224 — 3867 2. 
+= 35 (-) BY 
fr —_— . 
irſt r = 5000 


ON 8675 = 5867 = a5 was required 


Caſe 2, Ifaa—2ba=C 3 then proceeding as above, there 


will ariſe this Theorem IT: e, &c. And in Caſe 3. 
viz. 24 0, you vil hare ths e E=. 
$&c. as above. 


I think it needleſs to trouble the Reader with the Work of theſe 
two Theorems in Numbers; becauſe if the laſt Example of Cafe 1, 
de underfjood, the other will be caſy. Not but that the Method 
of the Square is very ready and eaſy, as you may ob- 
— ſeveral Queſtions of * VO 


—— 


SECT. 3: 


JN the Solution of all AdfeQed Equations, that are i foe 
3 than) Quadraticks, it will be the beſt Way to take 2 
the next neareſt Root of the Equation: And then it will be 7 + = 
= if v be leſs than juſt; or r -er a if v be greater than juſt 
las at the of this Chapter). And all the Powers of the 
unknown Part of the Root, (viz. e) above it's Square (e e) are to 

be rejected or caſt off, — SET for the 


Sim ple 


© —_ * 5 - 
2 F l . . 8 0 * 
. ö * L 3 8 Ire q F 
4 -- TY * . 75 e : 


ſupply the Want of 


Simple Powers. And thamboes it is, that to 
2 kurt or gt 
peated: as in the Example of entracting the Cube Root, 

vix. when the Figures in the Root conſiſt of mors than three 
Places (vide Page 140, and 141.) | RT 


Suppoſe a AG. .Quere «. 
1 r De viz. let r be ſuppoſed leſs than juſt. 


rrrrzrr. zr. 4666 
Ibr + be=ba 


rrr + br+ 37e be+3ree — +ba =6 


I Ie e 


een 


But if y be taken greater than juſt, then it will 9 Ä | = 


—ee=ior +46 — =D, which proce ths Therm 
3 : 

— 

* 


| D 
found. Or rather otherwiſe, as in the following Example. 
n Here 52224. the firſt 
| r3 = 729000 > 587914 without the 24 * 90 being 
added to it: Therefore r Too. Again, Suppoſe + o then 
r*==512000, and 241 = 1920. But 512000-1920=g13920 
58791, hence > 70, but nearer, ade aa Therefore 


it muſt be] 1]r + = a leſs than juſt. 
1 64 2 J rr T3 re ＋3 2440 
I x 24] 3]247 +24e=246 

_ in Numb. 4 512000 + 19200 e ＋ 2% g 
Z in Numb. 5| 1920+ 24224. 
4 ＋[ ?; „ 
5 — 513920 4 19224 e + 240 ee = 73994 

72240 1 r 

A 942 = = + c 


| O . », 


DN” NY ww ” TWO 


0 v 9 


WU ww & % 


: 2dOpernion85,79555 


a= 0f avoges Equations. | 


239 


Operation 80% 

r= 3» 8 
1 Divifor 5757) 305, 31 — 

T. = 2493 F3,68&. =r+e 

| 2 86,7) 50% rr 99 

1 
8737) 6,99&c. 
Or rather new r = $3,7 fora ſecond ( which being in- 


. wil be ound greer thn juſt: therefore 


it muſt be] 1 —e=ea 
16-5 r zr 4 

I x 24] 3247 — 242 244 

2 in Numb. 4586376, 253 — 21017,07e+ 251,1 2444 

3 in Numb. 200,8 — 2428246 

4 + 5 6588385, 53 — 21041, 7 ＋ 251,12 587914 

GTI 7121041,07 e— 251,1ee= 471,053 

7 ＋ Ji "m— „ aaa 
8 ole 


1 


— AE STE 


= 83,7955 — 


— >= --# x 

. : 2, 10000000 — 1 

r& Diviſor 7277550 1587895578 oo, 2239331 . 5 
—e= 0232 THb75510 83,6776066g =a =r 

2d Diviſor 83,533) 52004997 —e. N 


— . 50023 162807 
| 4 Diviſor 83,7512) 403294078 
* — 2. 3 Kc. „02512536 
775 0078 1542 
„ 
Here the new Diviton are 27782 
1 „ As 256125 
2657 
r 
145 
83 


— : * 2 — 


— 


— —— — — 
But if more Exactneſs be required, you may make'the new r 
83,6776067, and proceed with it to a third Operationz»which 
will afford twenty-ſeven Places of Figures for the Value of a; 
that is, every Operation will produce triple the Places of Figures 
to thoſe of the precedent r. And this tripling the Places of Fi- 
gures in the Root, at every Operation, holds good; and is to 
obſerved in the Solution of all Adſected Equations (how high 
| _— they are) according to this Method of reſolving them. Se 
ES | 


— 


— 2. eie. . | 


= 0, then r E rem EE Pb—frr=D, 
1 
which gives this Theorem 36 =. But if 
| e - 
09 76+ Lnf ths = +1 b—4rr =D, 
_ ET TY _— E. 


Or you may proceed otherwiſe, as in the laſt Example. Let 
aaa — 6438 a = 104785688, here b = 6438. Suppoſe the 
firſt r = 500, rr r = 125000000, and b r = 321 then 

125000000 — 3219000 = 121781000. But 121781000 > 
104785688, therefore r X 500. Again, ſuppoſe r = 400, 
r 7 7 = 64000000, and b r = 2575200, then will 64000000 
 — 2575200 = 6142800. But 61424800 I 104785688, hence 
7 > 400; conſequently r is betwixt 400 and 500. Bat 500 is 
the next neareſt ; therefore, let r = 500 being greater than juſt. 


Then 


Ir — == | 5 
I &*| 2[rrr —3rre+3ree=acaa 
Ixb| 3br —be=ba | 8 5 
2 in Numb. 4125000000 — 7500008 ＋ 1500 2444 
Z in Numb. 5 3219000 — 6438 = 6438 4 (88 
4-5 61121781000 — 743562 ＋ 1500ee= 1047856 
6 +| 71743562 — 1500 ee = 16995312 
7 = 1500 84495 2 11933 
39 = 


495 —. 1 


1 Diviſor 475) 11330 688. rg 


—— z 255 =reme 
472) 1830 
ES. 1416 
414,0 
377-0 | 
Let new r =476 for a ad Operation, then r? = = rop83or76 176 


and r =3064488; but 20780176 — 3064488 = 104785 
the ſame with the Reſolvend. Conſequently a = 476 juft. 


* * SG. . 2 
. EE ttrr—$4=D, which gives this 


The — But if . then U: 


nfs 


. - D, which gives this There 


Or ctherwiſe as before in the two laſt Examples. Thus, let 

456a—aaa 212272861. Here b—= 123456. Suppoſe the 
ir = 300, then rr = 8000000, and br =24691200; then 

69 1200 — 800000 16691 200, but 16691200>12272861, 

bee, heres than jul becauſe the higheſt Power is —, 
or Negative. Suppoſe r = 390, then ri = 273000000 ; 
and br = * then . 10036809 
I 12272861. Conſequently r I 300, and + tae Ter | 
= 300, 3 but more than juſt. 
I — e224 
12 rrr—3rreop greezace 
3112 —be=ba 
| 4 Hs 270000 5>{-g00 40 
| 513793 rn 

6 18038800 ＋ 145544. 2 ee= 12272865 


65 * = 2236061 
SL aD 


1 1 


5 Ii SAN Operation 


. — : % — 


| Or new y=283, which being involved, b. will appar to de 
'the cen Ridder: that is, '@'= 283 juſt.” 
' Note, Theſe are called che- three Forms of Cubick 
Equations; and in the Solution of the third or laſt Form, "= 
ine rr „ 


eſpeciall in making Choice of the firtr, becauſe this Equation is 
20 Ab see Equition, and bath two Affirmative Room, vix. a 
and leſſer Root. But having once found either of them, 
the other may be eaſily obtained by Diviſion only; as in the 
3 Vide Chap. 8. As for inſtance, in the 

Example, a = 283 and 123456 4 — 44 4 12272861. 
Make theſe two So, to wit, let a— 283 =o, and 
244 f 1234564 — 12272861 = 0. 


Then, «—283) — a0 a+ . — 
444 28 32a 


— 283aa-+ 123450 a 
| — ea 8oo 


T4339 ee (443367 
— . * 


Hence i it appear that —aa—2830 443367 =0. Conſequent- 
ly aa +283a= 43307 this ion being ſolved, @ = 110, 
2722 Cc. which is the leſſer Root of the aforeſaid Equation ba 
—44a—(G, &c. After this Manner all the poflible and im- 
| poſſible Roots of any Equation m be eaſily diſcovered, any one 

af it's Roots being once found. I ſhall re omit nag 
an —_ 

aad ada a= 4. 74. c 5 

and Gg 560783. BT (as before) it will be found 2 2 
„ 


. Therefore, 


(—2830 


& + 2 


* 


1 — 07 — * 8 | 1,5 | 


involved, Sc. will be found more. than juſt. 


198,5 the 


ww wg. as - — III: þ — 


1 N 


Aer eerst ee e 
br e Y "> ee A 
Alrrr rar 4 3 
Lat yh 729 . J 3 ' | x - 02 
11 thico + 20 74. 


64000 + 4800 C ＋ 120% %/%/³0 
531560 + 19449 ＋ /e 
19449 e + 194 e e.= 29223 
5 eee 


. © 


+e= „5 101, 2 


24 Divifor 101,7) — 1 - 


—_ 
I,OI 


Or new r=41,5 for a ſecond Operation, which bing dal 


Therefore ... 


2 ler — etre 


Tue 1 3jb6rr—26 re+bee=baca 


a/rrr—3rrebgree=a0c 
. Theſe being turned into Numbers, &c. as above, they will be 


20037,; 5 — 198,5 goons 5, which being divided by 
ient of 4 become N ID ROE 


1.966624, &c. = D. 
4 

- —"_ 13 {41,5000000 = 
1k Diviſor i 00,930) 3 gas ,0194847 =o 


—= y00g 9245 — a. | 


2d Diviſor 100,927) 957204 


A ® Here I proceed by 2 


plain Diviſion without 403708 
forming new Diviſors. ' $55020 
38024185 
476040 


tas. 


li 2 ; Let 


33 ** 


44 - e zr, 
3 Lede 


0 

4 

they will become | 

— —_—— divided * 
be 20 -% . 1 

„„ 2. gz t 
l 
1 Ms | = 
Y 

| 

4 

4 

t 

: 

L 


NTEREST, or wn tor — | 
Tae W 2 


Sark ws, aa gt, of any 
3 mi 
the Lender z 


ETD 2. 


— Hoa fe ef 1001 for one Year, 
the Uſe of 1607. edits KL 
to the Tine p 
There are ſeverab Ways af com 
t) Simple Intereſt; us by the — 
RN 
j K 5 
and compound, all performed by Tables; v 
— En N | b 


22 rincipal or 8 

mee opan Cent. per Annum. 
chats Contilamnce at Incerelt 

12 rincipal, and it's Intereſt. 
Mes, Fi Rin of th Rae ne the Sent. erf of 1 
n is thus found. 
Viz. 100 6 : 0,06 = the Ratio at 6 per Cent, per dum. 

, 1: 007 = Raw a 7 er 

:: 1: 0,075 = at 7 and 4'per Gene. 
Rn To Tis be whole Years; then tes the Num- 
but if the Time be given, beeither pure Parts 
rr with Years ; thoſe Parts 
mut be turned into Decimal; ndthen 7= thoſ Decimals, (6. 
— o 


—— Brow of a Year may be eaſily turned or con- 
verted into Decimal Parte, if it{be;confidered 
Day is the y Part of a Year = 0,00274 fer? 


Thu ge} Man Mah hs 0 Ram ge FO Inns © 
be Things bing pemilaly Fe may proceed. to gaiing, * 


11 20 0 


Let R un for cus You, 2 — 


* 14 15 1 1 vt: 


77 


oo hen to Ne ll hn 74 
8 TY np given Term ſignified b. baths, = 
” As ans" Pound is to the: Inter 20 of 8 25 


Princpat ur given dum: to if s Toa: 

| The 0 f e K t B: RP be . Thea 

the Principal "King added toit's here. their Sum' will bears 

Z — ante <ly : WINS eral year Fdapenl Fry 
wi 1: v6 eee . 4+4RP4+P=4 


ob 4) 
#4 74 Hy 


2 2 ie 


; har wat 51. amount 1 3 
| 2 Minh, and herons per 5 
Hete is LM ond - 4-4 Tf E= 0,06 


of ne Eos K 4 *. 


e ="hok3ts x 2 | gd gg get 
1 15.55 0784932 = 8821 x 18 n 
Hence r = 3.46599-: ee dre = 4 * O14. 
- Then: o, 2079994 x 25645 8841 
1 And. 53341580 256,5 e RPA P=4 
That is, ier 3094. 16 104 er er Anſwer 


0 - 41 bn 2 2 . 4 22 
4 2 


an 


4 Fr 
— 


8 


r Fan II. 
i — — — 


— 3 are eably deduced, 


FW) . 4. « m. 


34 
15 hen 15239) 53341586 (3,46599 = 7; that is 1 = 


d y 6 - 4 8 
4 — 
2 OF" : 2 PI 4 
N = ' b * 
— 4 J ' = 
_ | 
11 ; 
. Of <= * a. 7 . 
OY mT * 9 I - — a 


oe * 


Nellie 2. What Princigal or fo 1 
1 of 3091. 168. rod. Som dg pt = 
* and 18 Days; at 6 per Cant. per Annum ? 

* re Oe other wiſe ſtated thus. 
t is 309 l. 16 f. 10d. due 3 Years, one Quarter, 2 Manths 
and 18. Days hence, 0 — 3 


Here is given 4= 309.84 86: R=0,06; t = 3,46509 
. Fee Zee 2.46509 


346599 x 0,06 = o, 2079594 = . T7 Then R +1= 
1, 2079594) 309, 841586 = 4 45655 =; that is, 256,5 


hn 


6 per Cent, &c. 


TO x0 5. the Anſwer required. 


5 3. Ht what. Rate or Intereſt, per Cent, bc. will 
2561. 108. amount to 309 l. 168. 10d. in three Years, one 
Nuarter, two Months, and 18 Days? 

Here is 8 P=256,5; A= 309, 841586; and t 3.46899 


to find R. Per Theorem 3. Fiſt JO BUILD — 3505. = 


53,341586 2 4— P. Next 3.46599 x 27085 =$89,0264.35 
2 R And : R = 889,026435) 53.341586 (00,06 = rhe 


| Ratio. Then 11. : 0,06 :: 120: 6 = the Rate required. 


Quien 4. In what Time will 2561. 10s. raiſe a Steck of 
(or amount to) 309 l. 16 8. 10 d. at 6 per Cent. &c. 

Here is given, P 256, 5 4 = 309, 841586, and R = 0,06 

to find t. Per Theorem 4. Firſt 309,841586 — 256,5 - 
1586 = 41 — P. And 256,5 x 0,06 = 15,39 =Þ R. 


Yeats 


TV 


and ,46599 Decimal Parts of a Year; which may be 
into common Parts of a Year, thus 


, 46599 And 0,08333) 0,21599 (2 Months 
— * N 16666 


0,2 I 599 o, 2054) ,04933 + (18 Days. 
Hence t = 7 Years, one Quarter, 2 Months, and 18 Days; the 
Anſwer required. 

It muſt needs be eaſy to conceive, that what is here done at 
6 per Cent. may be done at any other Rate of latereſt, by form- 


ing the Ratio (viz. R) accordingly. 


SCHOLIUM 


* eda kran 
Al h it be actording to the and C 
= * e 


ear, it amounts to 106 l. But 
Gap pn de pl a the Nil Fes bes, it ſhould not amount 
to 1033 as appears from this following Proportion. - 

Let 8 = the Amounts due at the half Year's ad; then it will 
be 100:4::4: 106 the Amount at the Year's End. Ergo 
aa 10600, and az 1060 192,9563 = 1021. 195. 14d. 
which is leſs than 1031. by 104d. ' And if it be paid in les 
* W 


to the Rylos of Ak 


ANNUITIES, or Nds Sc. are aid to be i in n ö 
when they are payable or due, either Yearly, or Half-yearly, 
c. and are unpaid. for any Number of Payments. Therefore 
tze Buſineſs is, to compute 42 * all thoſe Pay ments will amount 
unto, allowing any Rate of Simple Intereſt for their Forbearance, 
from the Time each particular Payment became due: Now in 
order to that, 


: u = the Annuity, Penſion, or Yearly Rent, Ec. 8 
* tj 


= the Time of it's Continuance, or being unpaid. 
R = the Ratio, or Intereſt of 1 J. for 1 Year, as before. 
= the Amount of the Annuity and it's Intereſt, 
Then if u = the firſt Year's Rent, due without Intereſt, 
11 Tu e at the End of the ſecond Year. 
1 th Ron. | due at the End of the third Year 
3 


45S te Rene. I due at the End of the fourth Year,. 7 
4Ru= te — n 

52 = the Rent. J due at the End of the fifth Year, 
And ſo on for any Number of Years, Hence it is evident, that 
-Ru2Ru+3Ru+4Ru+5u=A the Sum of all the Rents and 
their Intereſt, being forborn 5 Years, A 


From 


" W 755 * * » 4 2 Ys — * — TX 9 * N n 5 : : 5 
. o þ * * * 5 * 4 - 
” . — 


== ee ti — 
a 5 —_4— 
Hereniy! Divide by u, Wen R+2R+3R+4R= . 

Net ts Und the Sum öf thi greflion (See Page 185) thus 


41 
ae =, theni 424344 ke. = 5 . 
Here the 


| and laſt T. . 
; 5 ihe Now mbers eber. Sip hor 4 ＋ Hach 


e .Sa of dl the Ten; that u r . 


2 ö 
— $6 Dani it will be ay to deduce the elvis 
m. ttRu—eRo pats IE tte SS." Wh 
Thebviem 1. | 8 . A. or - 2 2411 


141 


| Theorem 2. NY TTY —— en 2. — = 2 
| „re- 3 tu —tu R: 


Let * 22 oe 4 


2 1. If 2501. yearly Rent * Pats '&c.) be * 
er unpaid ſeven Years ; what will it amaunt 1% in that Time, at 
6 per Cent. for each Payment, as it becomes due 8 
Here is given 1 = 250, t), and R , ob; to find 4. Per 
Th. 1. Firſt 250 * 7 =11750=tu, 1750 = 12250 =ttu. 
Again 12250—1750=10500==ttu—tu, and 242 z 0,06=315. 
Laftly 315 +1750=2065=4; Viz. 2065 L. is the Anſw. required. 
But if the Annuity, Rent, or Penſion, is to be paid by Quarterly 


or half Yearly Payments, E. Then 222 22 = 003 = R for 


half yearly Payments: and ==> ee e for quatterly 3 


or o, ogg = R for three quarterly Pay ments. Example of half 
yearly Payments. 

Suppoſe 250 1. per Annum, to be paid by balf yearly Payments, 
| were in Arrears, or unpaid for ſeven Years; what would it amount 
0, nn ef 6 per Cent, per Annum for each Payment, as it be- 


K * — 


** — —_— * —— — 


* this Example he] is given RE: 2 


8 ol Payments; and R o, o z chene to , 


Firſt 125 x 14 = 1750 =t«;, 1750.x 14,=2 
again 24500 — 1750==22750 =tt#—t x; then= 


and 11375 x O, = 341,25: Laſtly: 341,25 +175 | 


q 


3 ks . ht yh Rs Prof, . hs as 
Er 2065 l. allowing 6 per 
Cent. per Annum for each Payment, Beromes du? 
FT. ow Fm 08s, 7m „ and BR = 0z06 ; AE l. 
Per Theorem 2. Firſt 7 x 0,06 = . and aN 
— StR. Than tt R— = 2,52, Laflly + 
+ 2t => 16,52) 4130=24 (zg that iy 250.6 
fer lune, &c. will raiſe 2065 l. the Stock requized.. 
„r In what Time will 250 l. yearly\Rent raiſe's Stock 
allowing 6 per Cent, bi fo the Prkearanch. *** 
S , _— 
Here is given # = 250, A= 2065, and R = 0,063-to find 


| 2- 
Por Theron 4 Firſt = 8 3353333 and. . 


"or 


> 


= 32,3333 = x =2— 1. Then 16, 16666 dec. = = =Y xz 
261,3605 &c. =4 1 4. Again 4 = 2755333 =2 4 Ru, 
and 75,3333 + 261,3605 = 536,6938 = —=+ Lex, | Then 
uv 536.6938 = —— , 23,1666 — 66687 


t the Lime 

veſtion 4. 1 gd, yearly Rent, lr forhers ſeven Taers, 

e to 40657 |. allowing Simple Intereft for every Payment as 

it becomes dus; whet myf the Rate of the g be yer Cant. e. 

Here is given # = 250. r 00 % to. =, K: 
Per barem 3. 

tt u = 12250 i 

Thus 1 tuz 1750 13500 21 


. of 5 


1 % f 10500) 2 X. 
2 Then I : 0,06 :: 100: * the Rate 8 


| Clia = 
— — — 


n 


1 6 Se. 
| for any affigned Time, depends upon the true equating. of the 
Principal or Money laid but on the Purchaſe, with the Annuity 


* allowing (or diſcompting) the ſame Rate of 
bich may be dali performed by duly 
apply ing the re re Theorems of the two OOO - 
| 1 by the following Queſlion. | 


reien 1. ei 151. yearly Rent, to continut nine Years, 
in 7 Mang, at 6 per Cent. per Annum 4 * — 4 
1. Per Theorem I. of the laſt Section, find what 

Rent would. amount to, if it were forborn "TE at 


6 per Cent. | 
"Thus u =75» 1=9, and R=0,06: Qerre 4. 
; * Wr Then 2) 400 (2700 
vi = . 11 ; dae; 
— hes” . ws; 1 


2. Then by Than . Baddies 1. 724 bis Riepe, kn. 
put 10 Intereſſ ſor the ſame Time, and at the ſame Rate, will 
amount to 837 l = A. Thus Rg o, 5429 x 0,06; tR+ 1 
| == 2x54) 387 837 (549,5064 = =P : that is, P=5431. 10s. 14d, 

which orth of 75 l. a Year, as was required. 

n ¶ July confidered) it 
muſt needs be eaſy to conceive, how the two Theorems — 
they were performed, may be combined in one. 7 


For 7 ERR 3 PETA. 


cc P. R-þ P = RA 1 bm 
this ] mity deer the followk x Theorems. | 


| Therrem 1. — ttRu—rRuÞ2tu__ a Was tt RR: 


"— or ES a=. | 
» By this Theorem e oft fe wen th bt, 
65. that above) may 
933 TY | | 
r Term 


2 


eaſily and 6 anſwered at one 


2532 = 100 


2PrR42P 8 141 - 27. : 
1tR— SIR e NB 
L 4210 | 
N le 


1 Z—ri=s then wi ce 4#1S= 35 


aer“ 


A1 +> * 
Which gives. this Theorem. 4. ar * 


By the ſecond and fourth Theorems, two very daft db 
9 anſwered. n 
1. . for Iraner: If If it be required to ful what A3. «i 
ie Rent, &c. 9.0 rehaſed, for HIS + rag Rag 
tinue any aſſigned Time, ing any Ra Intere Ws 
This « Queſtion may be anſwered by 1 n * 

2. Again: If it be required to frud how long. any 7 Rot, 2 
_ Penjjon, or Annuity, &c. may be purchaſed (er nd J] for am * 
pod Sum, at any given Rate of Intereſt ? no 

All Queſtions of*this K ind are eably anſwered by Theor "— an 4 

In theſe Queſtions it is fuppoſed, that the ſe or yearly 
| Rent, is to cammence of be immediately entered upan. But if 
M be required to find the Value or Purchaſe of an Annuity or yearly . 
Rent, &c. in Revetſion; that is, when it is not to be entered 

upon until after ſome Time, or Number of Veats are paſt ; then 
muſt firſt find hat the Sum propoſed to be laid out in the 
archafe, would amount to, if. it were put to Intereſt, during 
e e Ac. is not to be put in preſent Nſſeſſion; 
and make that Amount the Sum for the Purchaſe, proceeding. 
uith it as in either of the two laſt Queſtions, Ar. 

Note, From the fr Qnueſtion of this Jectian it will be eaſy o 
conceive how to perform the Equation of Paypnmts, between Debtor _ 
er ne at any Rate of Inter ęſt, without dung any — 16 

gat 

That is, when ſeveral gums of Money are to be paid, at ſeveral 
different Times, to find the Time when all the Paymente may 
be truly diſcharged at once: as if one Sum were to be paid at the 
End of two Months, another at fix Months, and perhaps 2 third 
Sum at eight Months End, Ge. And if it were to find 
the Time when all thoſe Sum: may be 927 diſcharged. at al 
a without Loſs, Se ce: of 


LE 


CHAP. 


COMPOUND Intereſt is that which 
pal and it's Intereſt put together, c 

due; ſo that at every n Alen che y- | 
ments became due, e and ſor that 
Reaſon it-is-ealled Insert pom Intereſt, or Chnoporad oh 

K Suppoſe 100 J. were lent out for | 
iy {og per Aunum, Compound Intereſt - . 
| Year, it will only amount to 106 l. as in Simple Intereſt. 
— ſecond Year this 106 l. becomes Principal, which 
will amount to 112 J. 1% 21d. at the ſecond [Year's Bud, 
whereas by Simple In ie wouks have amounted to but 112 . 
And altho? it be not lawful to ſer out Money at Compound 
ares. yet in purchaſing of Annuities or Penſions, fe. a and 
ng Leaſes in Reverſion, it is very uſual to allow Compound 
n for his ready Wes and therefore it 
W ee 


Sea. 5 | 0f Compound bn. Se . 


| P = the Priccipal ee TR 5 

\ :=the Time of it's Continuance. J 

Let < A=the Amount of the Principal and Intereſt. 
1 the Amount of 1 J. and it's Intereſt for 1 Year, at 
"oY 2, 772 Rate, which may be thus found. 


Viz. 100: 306 :: 1 : 1,06 the Amount of 1]. at 6 per Cent. 
Or 100 : 10s :: 1: 1,05.= the Amount of 1 l. at 5 per Cent. 
and ſo on for any * aſſigned Rate of Intereſt. 


Tben if R =the Amount of 1 J. for one Year, at any Rate, 
the Amount of 1 L for two Years. 

R3 =the Amount of 1 J. for three Years. 
Ng tbe Amount of 1 . for four Tears. 

R5 =the Amount of 1 l. for five Years. Here t=s 


Far I ;R:: R:RR: RR: RRR:: RRR: B+: N: N: &c. in r. 
As one Pound : is to the Amount of one Pound at one 
The 


Year's End :: fo is that Amount: to the Amount of. 
(one Pound at emo Year's End, &c. | 
Whence 


254 — 5 Pare 
8 28 is groutded wpon | 
a Series of Terms, i in Geometrical Proportion con- 
tinued ; wherein t (viz. the Number of Years) does na away ig 


the bee of th aſa gh Term Fi, ee 
which 37 
"Again, As 1 B: P. 4 the Amount of P fo te 
Ds that E S the Amount of 1. 


4 rnd: Ae LAS, K rey 
fr earn tl 


Thus fe 


From the Premiſes G profume) the B the Reaſon of the following. 
Nr 


Dee 1. A n 


From bence the two following Theorems ae eaſy deduced. 
nm £= =P. Therem PN | 


1. 


By theſe three 8 all about Compound In- 
tereſt may be truly reſolved * — only, vis. without Ta- 
bles; t 
Purpoſe; r | 


Dueftion 11. What will 2561. 100 apa to in nen 
2681 Compound Intereſt ? . 


Here is given P = 256,53 = z and | Fe" which. 
being involved until it's Index = t (viz. 7.) will become R? 
= 1550363. Then 1,50363 & 256,5 = 385,8 11 =4= 385 l. 
13. 724. which is the Anſwer required. | 


Oueſt jon 2. IWhat Principal or gun of Mmey myf be put (or 
let) out to raiſe a Stack of 385 |. 2 CRE — 
en r 


Here is given 4=385,6811 3 R=1,06; ET to find P. 


=. 


y Theorem 2. Thus N= 50363) 385,681 14 (256,5=P. 
hat is, P2561 40s, which is "te Fi or Zum, 2g. 


was required. 7: PEEENOT'S © 


*. — 


„ 6 £1 1 
9 — a 44 »* .# 


Nel 


x . 106 re Sit 
353 135214 allowing per Lent. g. 


| Heres is given. Pubs; 4 356871 * 1,063 to 
F 4 rr 
| 4 the thicd Den R. 5 = DS 2565 1 = 50863. 


which b g continually divided by R = 1,06 until 1 re- 
main, the umber of thoſe Dirificns will de 7 =. Thus 


1, O6) 1,50363_ (1,41852.' And 1,06) 8 s. 
Again 1,06] 1, 338225 (1, 262477. And ſo on un become 
1,06) 1,06 (1. which will be at the ſeventh Diviſion. Therefore 
Ae ihe Nember of Years requited BY 98 (nition. 


4 If 2561. 108. will amount 10 (or raiſe a Stock of 
| I e om Tiers Time ; what m the Nute of 
5 per Cent. per Annum? 

Here is given P=256455 4 = 385, 6811, and =, Quzre 
R. By Theorem 3. F N 1.50363; as before in the laſt 


And if N= N =1,50363, then E * 
which may be thus extracted. N ; * 


Put] 1 . R. then 2 hs 
167| 247 free = 12503 — 
2— 1 Jean 5e G- - wy 
-—; G — r” 
3-=-77*] * | 


FRY: ae: x» lh 


4+] 5. 


Operation r = 1,00 
-+3e=0,18 
—— $,00=r 


Diviſor f 1,18) , 719 9 | 


Thea 1: 0,06 :: 100: 6 8 required, 
The firſt three Queſtions may be much more ably performed 
by the . Table, which is only the A of one Pound 
for 9 —_  --: | 


That 


Number that is 


256 m—_— W — 10 <paeii. 
Tis: b, of 2 — Abe N 1), and ſo n d R5). 


25% 42 1 "2\ 189% IE 
1 * n 1 


25403516847 
I 2692772785732] 524343! 
þ35 þ 23543391539 [31.4 0.088 1009434 
3-0355995921, 2 1.6.4 $3386 

3-2071354722 3 64785853848 


| ** 5933480745 


12 5215 (41 134096939928 3: e 


I 
| $] 23 5 130816 383 7477500 
1 1. — 24 4046946473 37 | 8.6360871 199 
512-034 {2:612 25 ['4. 2919707197] 38 | 9.154852347 
12 133 + 1329892601 3 26 4: 5423829029! 39 9.793597 42281 
$1 The Title gf this: Fable ſhews ir ConſtruBtion, _ —— : 
Will eaſily appear by an Example oriews:/ || 


EXAMPLE 


3 . will ET: 104... amount ta in nine Years, ar 6-per © Cent. 
Annum, &c ? 
The tabular Number againſt 9 Years is 1,689479 which being 


multiplied with the Principal 375,5 will produce 634,3993 &c. 
9 85. fete, being the Amount or Anſwer required. f 


EXAMPLE 2. 


What Principal (or Sum) muſt be put to bree 15 wik-o Stock 
of 6341. 88. in nine Years Time, at 6 per Cent. per Annum, &c. 
If the propoſed Stock (viz. 634,4) be divided | by the: tabular 


againſt the given Number of Years (viz. g.) the 


Quotient" will be the Principal (or Sum) required. Yiz. againſt 
2 1.689479. Then 1.689479) 6304 (3754S = 3754. 105. 


„ Sum) required. 
FE AA LE 3 


i 4 EY — I. 108, Stock amen 
4909 ie 5 * 1. 00 


Diride 


* Annum, Compound Burgi 9 


9 
Y 4 * 7 1 "+ 8 . * o TT a, © 
a ied cf ont Is ar | 
- } , . 
= — * 
6 : A 
- 


"Divide the — _ les. 634.4) by che 1515 ———_ 
(os 375,5) and the will ſhew ular Nuiaber 
that ſtands over againſt the Time e This #37 545) 634, 7 


ee e rel 
to ſtand agai Years, which is the Time 
— oh found in the Table vf 


But if the Quotient cannot be trul | 
Amounts for Years, as above; then take out of that Table the 


| neareft Number that is leſs, and make it a Diviſor, by which 
muſt divide the firſt Quotient ; and then ſeek the R 
tient in the Table of Amounts for Days (which of Days: 4 tirtls 
— and it will align the Number of Days: as in this 


In what Time will 5631. amone to 8601. at ct 


 Anſwer., In 7 Years and 99 Days. 
Thus 563) 860 (1,52753 which ſhews the Time to be more 
(or above) ſeven Years; for over againſt 7 Years is 1,50363 
which being made the new Diviſor: Viz. 1,50363) 1552753 
(1,01589 &c. this Number is the neareſt Amount to 99 Days. 
Note, [f the Stock, Principal, and 7 1 the Rate 
_ - Intereſt will be beſt found by — the Root, &c. as s befere in 
2 c 858 


The next Thing that I ſhall here ca is to as this 
Table (which is only calculated for the Rate of 6 per Cent.) 
_ univerſally uſeful for all the Rates of Compound Intereft, which 
I may preſume to ſay, is a new Improvement of my own, being 
well ſatisfied it never was publiſhed before; and not only ſo, but 
$i 2 heard ſeveral very good Artiſts affirm | it was impoſſible to 

one. 
The Method of performing it is briefly "A Let x = the 
Difference between 1,06 = R, the Amount of 1 J. for one Year 
(in the Table) and any other propoſed” Amount of 11. for one 
Vear; 3 Which admits of two Caſes. 


Caſe 1. If the propoſed Rate be greater than the 1,06 = R, 
„ for one Year at that 


Caſes. But if the propoſed Rate be lefs than 1,06 = K then 
it will be R — x = the Amount of 1 J. &c. £& 
{—1=6b, t—2=q,t—3=d t—4=f, "WW 
Make a 36g n, 14 u thanks 5 
— Then 


—B:. — — WT oli de 4 


258 Part II. 


Then will Frey rs py the 
Amount of 1 J. at the given Rate, for any Time denoted | = t, 
in Caſe 1. And & - Px RN — m Rd x* &c. = the 
Amount of 11. in Caſe 2. 

Which is no more but this: Let R= or R— x (which ſo- 
ever it is) be involved (as directed in Se#. 5. Chap. 2.) to the 
ſame Power or Height as the Index f the given Time in the Que- 
ſtion denotes : all the Powers of x above x xx or x xxx 


at moſt, as uſeleſs, Then multiply that Power of R-+ or 


RX & into mo given Principal, and their Product will be the 
Amount requi 


"An Example or two in each Cafe will reader all ay 


EXAMPLE l, 
_ 


uppoſe it were required to find what 2561. would amount to in 
cen Years, at 81. per Cent. per Arnum Compound Intereſt ? 


Here t=15. 
Firſt 100: 108:: 1: 1,08 the Amount of 1 J. at s per Cent. 


Next 1,08—1 1 And R+x=1,08 as in Cafe 1. 


| Amount of 1 /. for 15 


| of 17, 1 1 at 4 1 per Cent. 


Then 874.15 N 105 RI xx +455 R'* xx x &c. the 
ears, at 8 per Cent. 

x = 0,02 , x x = 0,0004 . and x x x = ,000008 

y the Table R*5 = 2,396558 

C6. 15 R., = 2,260904 x 15 x,02 =0,678271 
i 105 R13 xx = 2,132928 x 105 x ,0004 ==9,089583 
455R'*xxx= 2,012196 X 455 x ,0000082=0,007 324 


Sum = 3,171736 


Then $3171736 x 256 =811,964416= = 
That is, 8114. 95 31 d. fere, Which is the Anſwer required. 


EXAMPLE . 


What will 3651. amount to in ſeven vr at four and a half 
per Cent. Se. 


Firſt 100; 104,5 1: 1,045 the Amount of il. at 44L 
per Cent, 


Next t,06—1,045=0,01 5=x. Conſequently R—x=1,045 


as in Caſe 2. 
The R —7 R6x+21 R5 — Reaxx be. = = ; the Amount 


Here 


4 N * + 4 % = * * 4 N 1 
. 4 " -— , : 9 4 R IS Pye FO 1 
Lc . * * N 7 7 . * 7 9 * * 
* TY" - Y 4 TY N * 
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Here x =,o15; x x 000225; and x x x = 000003375 « 
By the Table R =-þ 1,503630 
— 7 R*x = — 0,148944 
ns] 


＋ 21 R5 xx =-+ 0,006323 + 
— 35 R* x x x = — 0,000141 


R — 7 R6 x+21 Ri xx — 35 R*xxx= 1,360868 
Then 1,360868 x 365 = 496, 71682 J. 
That is, 496 J. 145. 349. is the Anſwer required. 


| If the Reaſon of theſe two Operations be but well underſtood, 
it will be very eaſy to conceive how to find P, the Principal, 
by having A, t, and x given (becauſe R and it's Powers are al- 


ways given by the Table. ns | 
For RF NT NLD P =A (as above.) 
Therefore —— 2 


D 
Or if 4. P, and t, be given x may be found. 


For R. It RI TFE RNA „Rin This Equation 


being ſolved (as in Chap. 10.) the Value of x will be found; 
N= either R, or R — & will ſhew the Rate of In- 
tereſt, Qc. 8 „ N 


But I ſhall leave the numerical Operations to the Learner's f 
Practice, ſuppoſing enough done to ſhe w how all Queſtions of 4 
this Kind that are limited by whole Years may be computed. , 
And if the Time given. or ſought be not terminated by whole 
| Years, but by Weeks, Months, Quarters, or Half-Years, &c. 
for reſolving ſuch Queſtions, the beſt Way will be to reduce thoſe 
Parts of a Year into Days; that done, find an Anſwer accord- 
ing to the Demand of the Queſtion (and agreeing to 1 J. as be- 
fore) for that Number of Days; and in order to that, it will 
be requiſite to find the Amount of 1 /. for one Day (as in my 
Compendium of Algebra, Page 110) which I ſhall here inſert. 


put a= the Amount ſought, then it will be 


L204: : aa: aaa :: 444: a4aa= tos. 
% Amount : to the Amount of two Days :: and ſo is that 
That of two Days: to that of three Days, And ſo on in + 


A one Pound is to it's Amount for one Day:: fo is that 
U 365 Days. 


L12 Then 


" 
Then the laſt of the Terms will be r = _ 
Put] ir- ==. And let r 21 
18365 Ji 4 $655%64e4-6643077 ee ,o 
2 in Numb. 31 365 en ve 1,06 
31 44365 ＋ 66430 ee = 0,06 
4 > 66430] 51,00549e Jes « = 0,0000009032 = D - 
5+] 6 4 = 


EL 


= 75 + e 


Operation ,00549 
Ter, ooo : Fo | 
+. + + + » {1,0000000=r 
ift Diviſor ,00559) 0,0000009032 \ 0,0001598 = e 


+e=,ooors 1,0001598 =r 8 = 4 
20 Diviſor % 77 true to the 7th Figure 
+e = 000059 2870 and only too much by 
3d Diviſor ,005799 )s 7200 2 in the 8th, at one 
&c. | &c. Operation. 


| New r = 1,00016 for a ſecond — Then 
2 in Numb. 711, 6013401407 + 386, 887 ＋ 70402, 172 ee 
Io. Hence it appears that r—e=a. - 
_ Therefore 817 1,0601 3401407 — 386,887 e + 70402,17200 
1 2 
8+[9 386, '887 — 70402,172 88 = 0,0001 3401407 
9 +[10],0054953 — ee = ,0000000019035503 


10 [11], — 22200000019035503 
a) „ B $600 NOOR - 
Operation ,0054953 F 
— 3 


1 C Os 
1KDiviſor 30054950) 0,0000000019035503 \,0,000000346417 = # 


| 34 5 164850 1,0001 5965 3583 r 
500549400 52550503 * 
— = 46 217864 1 one 
2d Diviſor , 005 49401 œ ũ/ ¶ů ! 555 
— = 64 32967684 
30 Diviſor 7565790 „„ 
| OW Rs — l 
* 2575 
7 | 2 


| Which * further purſued to a ; thied Operation will give 
elne This 


&c. will be the Intereſt of 1 J. for one Day. 


: - 


F 


261 
This Value of @ is the Amount of 1]. for one Day, from 
which, if 1 J. be ſubtracted, the Remainder = ,0001 59653587 


Conſequently, if any 
opaſed Principal be multiplied into either of theſe, 2 


Of Compass Intereſt. 


21 r 


Chap. 12. 


Product will be the Amount or Intereſt of that Principal for one 
Day, at 6 


6 per Cent, Se. | 
And that the Amount (or Intereſt) of any Principal or Sum 
may be eafily computed for any Number of Days leſs than a 


Year; I have here inſerted the following Table, which with a 


great deal of Care (and I believe Exactneſs) is calculated from 
the laſt found (1,000159653587453) Amount of t . for one 


Day. To which alſo is annexed a Table of the Amounts of 1 J. 


— 


Amounts of 14. Y 

& |= 
| 1.0001596536 | 26 
1.0003193326 | 27 
1.0004790372 | 28 
1.0006387673 | 29 
1.0007985229 | 30 


ounts of 1 /. & Amountsof 14. 
3 1111 M 
1.0041592879 | 51 | 1.0081749166 | 
1.0043 196055 | 52 | 1,.0083358753 
1.00447994837 \ | 1.0084968507 | 
1.0046403175 | 54 | 1.0086578699 


Wn 
* 


ER WV o led 


1. 009583039 


10011181105 
1.00 12779426 
1.0014378002 


 1.0015976834 | 


1.0017575920 
1.0019175262 


1.0020774859 | 
1.00223747 12 


1. 0023974820 


1.0025575 184 
1.0027 175803 


1. 0028776677 


1.0048007120 
1.0049611320, 


1.005 1215776 
1. 0052820488 


| 1.0054425457 


1.0056030082 


 1.0057636164 
_ 1.0059241901 | 


1.0060847895 


1.0062454146 


ee 
1.0065 667416 
1.0067 274436 


1.007888 1712 


— 


1.0088 189057 


1.0089799673 


1. 0091410545 


% 


1.009302 1675 
1. 0094633062 
| 1.0096244707 


1.009785 6608 


1. 09945876 
1.0101081184 


1.0102693858 


1.0104306789 


1.0105919978 
1.0107533424 
1.0109147128 


5 


1,0030377808 | 44 
1.0031979193 | 45 


1.0070489245\| 69 
1. 07 2097035 7O | 


1. 0110761090 
1.0112375309 


1.0113989786 | 
1.0115604521 | 


21 1. 0033580850 | 46 | 1.0073705082 | 71 | 
n.0035182732 | 47 


231. 0036784885 48 
| 24 | 10038387294 | 49 
12 


1.0075313385 | 72 | 
1. 0076921945 73 | 1.0117219513 

1.0078530762 | 74 | 1.0118834764 | 
50 | 1.0080139835 75 | 1.0120450272 | 


— 


— ZE” rr 


84 1.0135001458 | 


1 Amounts of 1 7. 


| &c. 


1.01285 31683 


[ 1.0130146739 
| 1-0131706054 


1 0133383627 


1.0136619847 


1 1 0138927895 
1.01398 556860 


11.0141475365 


| 1.0143094488 


| 1-01447 13869 


1.0146333511 


| 1-0147953408 | 


1.0149573565 
1.0151193981 
1.01528 14655 
| 1.0154435589 
1.015605678 
 1,0157678232 | 
 1.015929994 1 
1.0160921910 
1.0162544138 | 141 
1.0164166624 
1.0165789370 
1.0167412375 


11169035538 


1 1.0170659161 
1.0172282944 


| 1.0173906985 


1.01755136086 | 
1 10178780565 
1. 0180405744 


1.018365 6680 
1.0185282578 


175 22066038 
| 1.01423682062 | 


5 8 10125398344 
1. 0126914885 


1 
| 


1.0177155846' 


| 1.0182031083 


3 


— 
wu 
O 


— 


Amounts of 11. | 
&c. 


| 1.0186go8655 


1.0188535031 


. 1.0190161667 | 
| 1.0191788563 | 
| 1-0193415719 


| 1.0195043134 
1.0196670809 | 


1.0198298745 


1.0199926934 
1.0201555389 


I .020318411c 10 
1. 2048 13084 
10206442319 


10209701559 
10211331585 
1.02 12961861 


| 1.0214592397 


1.0216223193 


| 1.0217854250 | 


: 1.0219485567 


I.0221117144 
1.0222748982 
1.022438 1081 
1. 2 26013440 


10227646060 


10229278940 
1. 0230902081 


1.0232545483 | 1 


1.0234179146 


I 1.0235813069 


6.OTIF447 233 
1.023908 1699 


1.02407 16405 


— od brdf] þ 


1. 0243986600 


10245622089 
10247257830 
10248893851 


1. 0208071814 


1.02505 30124 


| 1-0260353247 | 


1.02833 10494 
1.028495 2262 


2 


110291621953 


11 1.630961 5 1 


1. 0257077827 
10288715406 


Amounts of 1 /. 
1.0252166658 
1.0253803453 | 
1. 0255440509 


1.0271826456 
1.0275 105585 


' 1.0276746046 | 
1.0278386764 


 1.0288236583 


1.0261991349 
1.0263629713 


1.0265 268338 | 
1.0266907 225 


1.0268546374 
1.0270185784 


1.0273405 389 


1 0280027746 
1.028 16689899 


1. 286594291 


10289879137 


1.029645 1975 


1.02997 39969 6 
1.0301384359 


1. 0304673928 


| 1.0314548937 | 


1.0293 160231 
1. 294908372 


1. 298095841 


10303029012 


1.03063 19206 
1.0307904557 


1.0311256216 
1.0312902445 


| 1.0316195692 


Days 


14 "We 4 . 
, T * 9 4. 


Sap 12. 4 


Of 8 Intereſt. 


263 


Amounts of 1 


ER 
1.03 19489990 
10321137534 
1.032 2785341 


10324433410 


1.03 2608 1742 


1.03 27730339 


1. 0329379198 
1.033 1028321 


| 1.0332677706 


1.033432735 
1.0335977208 
2 6337527444 
1.03 39277883 


1.0344230782 
 1.0345882275 


| 1-0347534033 


1.0349186054 | 25 


1.035 2490887 


| 1.0354143699 


| 1.0355796775 
1.0357450115 


10359103719 
1. 0360757587 
10362411719 
1. 0364066116 


10367375701 
1.0370686342 


15375654287 | 271 
1.0377310798 
1.0378967573 
1.0380624612 


1.0340928580 
1.0342579552 | 


.1.0350838338 | 


10365710776 | 26: 
1.036903088g | 


1.0372342059 | 
 1.0373998041 


ty 
4) 
— 


6 


ö 9 
1.0385 597318 


45483616 


1.042879 400 


1. 0442121407 
1. 0443788529 


1.0442 123572 
1.0445791493 


1.0387255415 
1.0388913778 
1.03905 72405 
1.0392231298 
1.0393590454 
1.0395549870 
1.0397 209563 


| 1.03988695 15 | 
1.04005 29732 


1.0402190214 
1.0403850961 
1.0405511973 


1,0407173250 | 


1.0408834793 


1.0410496601 
1.0412158674 


1.0413821012 


1.0417146485 
1.0418809620 


1.0420473021 | 
1. 0422136687 
1. 0422800618 


1.0425 464815 
10427129278 


1.043045 9001 
10432124261 


10433789787 


10435455579 
10437121637 


1.0438787961 
1.0440454551 


1.0445455918 


—m—— 


7 


276 
277 


278 
279 
280 
281 
282 


| 1.0468827325 


| 125073 36786 


Amounts of x1. | 
3 


1. 0453796853 


1. 0460474397 


| 10465484353 


10450459680 
1.0452128133 


1.0455446584 | 
1.0457135092 
1.0458804611 


— 


1.0462144449 
1.04638 14768 


 1.0475514469] 


1. 0482205885 


1 0488901576 | 


1.049225 1025 
19493926150 || 
 1.0495601543] 

 1.0497277204 
1.049895 3132 | 


1.0503082z521 | 


1.05 123701911 
1. 05 14048529 


ö 


1 0467156206 


1.0470498711 
1.0472170363 
1.047 3842283 


1.0477186923 
1.0478859643 | 
1.04805 326311 


1. 0483879407 
1.04855 53196 
1.0487227252 | 


1 0490576166 


1.0500629327 
1. 0502305790 


1.ogog6gggig] 


1.0509014320'] 
1.0510692121 


-1.0382241916 | : 


1.0515727134 


Days 


— of 1 /. Arnouiits of 1 /. 


"7 

— 2 — | 71 Be. 
| 7.0517406008 | 339 | 1.0556094165 | 36z | 1.0504024090 
4e UE | 2 557779008 | 58g | v.0ggu0r6rge 
1.0520704559 | 241 | 1.0559465071 | 304 | 1-059 ee 
1.05 22444237 342 1 .o561150927 | 365 | 1.06 | 

| 20524124003 | 343 | 1.0562837053 | | — 
1.0525804397 | 344 | 1-0564523448 | 

1. 9527 454950 345 | 0566210112 1 

1. 0529165631 345 1.0567897045 | _ 

1. o5 308 46650 3471. 0569584248 S | 

10532527937 | 348 | 1.0571271720 | 2 11. 
1.0534209493 | 349 | 1.0572959594 | _Z | For Months. | 
1. 0535891317350 1.0574647472 | 1| 3 2 | 
1.03375734"'0 | 351 | 1.0576335753' 2 | 1-0097587942| 
1.0539255771 | 352 | 1.0578024303 | 3 | 1-0146738462 
1.05 40938401 353 1.0579713122 | 4 1.0196128224 | 
1.05 42621300 354 | 1.0581402211 | _5 | 192457538394] 
1.05 44304407 3551.088309 570] © 6 | 1.0295630141 | 
1.0545987903 | 3:6 | 1.0584781199 | 7 | 1 0345744041 
1.05 47671608 357 | 1.058647 1097 8 | 1.0396103076 
10549355532 | 3:8 | 1.0588161265 | 9 | 1-0446706634 
1.055 1039824 | 359 | 1.0589851703 | _'0 | ! 0497556507 | 

360 11 


7 1.0552724336 | 1.0591542411 | 


[ES 10548653894 
I — 361 I. 0593233389 1 


The Uſe of this Table is in all reſpects like that of whole 8 . 


in finding the Amount of any given Sum for any propoſed Num- | 
ber of — leſs than - Year. * * | 


EXAMPLE 1. 


Suppoſe it were required to find the Amount f 375L. for 210 
Days at 6 per Cent. 


The 3 11. for 210 Days is 1, 0j 40928 Cc. per Table. 
Then 1,0340928 „ 375 = 387,7848 Ce. = 387 l. 15. $24. - 
which is the Amount required. And the reſt of the Variations 
may be performed juſt as in the Examples of whole Yeats. | 
"But if the Time g given conſiſts of Years, and Parts of a Yeu; 
as Months, c. Then reduce the odd Time or Patts 
422 and the Anſwer may then be found at 
5 — as in the following Example. 


EXAMPLE 


Wd 
7 78g * * 
: ye N 


Chap. 12. * Jia, Kee: 5 


Example 2. Suppoſe it were reg red to find what 265 l. would - 
bk e is Foy Try and Beile 6 per cen We 


5 Years is 1,338225 &c. 
Firſt the Amount of 11. for 4.4 Days is 1227785 Ee. 


Then 1, 338225 X 5,021785 X 2651. = 362,355232, Ct. 
being the Aihrownt or 2 required 


Or, if the Amount and Time are given; to and the Principal; 5 
Then Maltifly the Amount of 11. for the Years, and the Amount of 
1 l. for the odd Days together; And by their Produ# divide the 
given Amount, the Quotient will be the Principal required. 


Exacipls 3. What Principal will ach 4 Stock of 3621. 7. "on 
""_ 362,355232 J. in 5 Years and 135 Days, at 6 per Cent. Oc. ö 


| 6 Years is 1,338225 Sc. 


Then 1 X 1,0217856 = 3 Kc. the Diviſy 
Next 1, 367378) 362, 355232 = 4 (265 l. the Principal required. 
in, if the Principal and its Amount are given, to find the 
Tine, at 6 per Cent. &c. you muſt divide the Amount by its Princi- 
pat, and then © » 06mg as in the Third Example, Page 256, for the 
| require | i 
But if the Amount and its Principal, with the Time of its being at 
N are given; to find the Rate of Interęſt; Then proceed as in 
ourth Dueſtion, Page 255, Ce. 
1 4 in order to make this Table of Amounts for Days, uſeful * 
all Rates of Interęſt (as before in that for Years) you muſt firſt find | 
the Simple Imergũ of 11. for one Day, both at the given Rate, and 
alſo at 6 per Cent. And call their Difference x. | 
Thus, ſuppoſe the given Ratio were 8 per Cent. per Annum. Firſt 
130 :8::; 1: 0,08 And 100: 6: 1: o, os the Two Siinple 
intereſts for one Year; 


Then 365) 0,08 (0,00021917 &c. the Simple Intereft of 11. 
for one Day, at Cent. 


And 365) 0,06 ( (0,00016438 Se. the Simple Intereſt of 11 


one Dax, at. 6 per Cen | 

ir Difference 1 — x which may do indifferently 
well for ordinary ſmall Queſtians; But where ExaQneſs is required, 
it will be convenient to make Uſe of this Proportion, | 


Mm | Viz, 


Is to the Tabular Intereſt of 1 J. for one Day:: So is the 
Simple Intereſt of 1 J. for one Day, at any __ Rate: 
To a Fourth Number. 


: As the Simple Teen of 11 for one Day at 6 er Car 
LE 


That i is, 0,000 16438: 0,00015965 22 n 0, 002 1286 
Then 0,00021286—0,00015965==0,00005321 =x, 


This x being volved with the reſpective Amounts for Days, 
the ſame Manner as was done with thoſe for Tears (4 vide 2 20 
| the Reſult will be the Anſwer to the Dreftion. 


Sec. 2. Annuities or Penſions in Arrear computed « at 
FT Compound Intereſt. 


When Annuities, &c. are ſaid to be in Arreer, ſee 7 oa 248. 
And I ſhall here make uſe of the ſame Letters to repreſent the ſame 
Things as before in that Page, ſave only that R is here equal to 
the Amount of 1 J. as in Section 1. of this Chapter. 

Suppoſe u = the Firſt Yzar's Rent of any Annuity without ur- 
reſt. 
the Amount of the Firſt Dor Rent, and its 
5 Thea will = hg More the 2d Tear”s Rent, 
the Amount of the 1ſt and 2d Tears Rents, 
and RRu+ Ru C 525 with 2 Intereſts; More the 30 Year's 
| Here Ret Hola 2 is ahem any Yearly Rent or Ar- 
nuity, being forborn Three Years. And from GE dy be dedu - 
ced theſe Proportions. = 
Viz. u: Ru:: Ru: RRn :: RRu: RRR and fo on in = for any 
Number of Terms or Years denoted by t, wherein the laſt Term 
will always be uR*-- * = 
Conſequently A—u R. — the Sum of all the Antecedents 
And 4—u=the Sum of all the Conſequents i in the Serie. 
And therefore i it would be u: u R:: A—uR*-"* ; I- Vide Pag 
4288. 


1 , bring divided all by u, will 


become A—u=RA—uR. 
From this laſt Eguation it will be eaſy to raiſe the following 
ems. 
Theorem 1. 1 — = A. Theorem 2 Ei 
8 " "Roy 


Theorem 


| 8 | 2 72 "”_ | 
— 
— 1. 2 N 1 this Equation be continually 


divided by R, 8 the Number of thoſe Divi- 
ſions will be t. See Page 255. 


A—u 


Theorem 4. 4 — R — If this E quation be reſolved | 
1 


into Numbers, "devdelih to the Method propoſed in See. 3 | 
Chap. 10. the Root will ſhew the Value of R. 


Nueftion I. If 301. Yearly Rent, or Annuity, &c. be fer- 
born (i. e. remain unpaid) Nine Years; what will it amount to, at 


6 per Cent. per Annum Compound Intereſt ? 


Here is given #=30, f=, and R=1,06; to find A. per 


Theorem I. 
R., 689479 By the Table of Amounts for Years 
30 g= 


* 50.684370 


— — 30 


N- , O6) 20,684370 (344.7395= 3441. 145. e 
the Amount required. 


' Nueſtion 2. What Yearly Ds or * &c. PETS jor 
horn or unpaid Nine Years, will raiſe a Stock of 344 1. 145 9: d. 
2344.7 395» at 6 per Cent. &c. 

Here is given 42347305, t=, and 2 1,063 to find u. 
per Theorem 2. 
A = 344» 395X1,06= 365,42387 

—A=34437395 


R.— 1 2 I, 689479—1 = 2, 689479) 20,6843) ( 30 π 


Queſtion 3- In what Time will 30 J. Yearly Rent raiſe a 
Stock or Amount to 3441. 145. 9:4. allowing 6 per Cent. for the 
Forbearance of Payments? 

Here is given # = 30, AZ34457 395, and R= =1,06; to find t. 
per Theorem 3. 


Firſt AR u— A=365,42387 g- 81 395=50,68437 


And u==30) 50, 6843 dre 5 (g ou 


 R=1,06) 1,689479 (1,593848. And 1,06) 1 593848 (1,50363; 
and ſo pts . 4 —— 1,06) 1,06 (. which will be at 


Ml D therefore t = 2 
* en M ＋ Or 


* — 


8 * 5 J y * hs 
. . 
* - 
* 44 12 vw — 1 
T : > » 
. 
* 


N Rr. 5 bought 1 in * Table 0 4 Amaunts for 
Years, will be found to ſtand CI ha 9 2 mp. which is the 
Tame required, | | 


Mueſtion 4 7 zo/. per Annum, being as Nine Years, 
will amount to 3441. 145. 934. allowing Compound Intereſt for 
| e it becomes due, What muſt the Rate of Interg 1 
ent. Oc a | 


lere is given #=30, A=34457395» and t=9; to find R 
by the laſt of the Four Z#quations, Viz. E 2 


Firſt 22 34497325 =1 1,491 317. And = = 10, 491317. 
Hence there is this 2 11,4911 3 131 
Let Ne "7 | 
9g e+ 3677 ec = 
[11,491317 + I1,4913170= 1 40 37E 
, oooo00 + 9,000000e + 36ee —R9 
ee e eee 
36% = 2,491317e 
636 e=0,06 &c. 
As may be eaſily try'd by invol- 


3 
* 05 1 = 1,06 =R 12 and ordering it, as thh 
r F . above direcis. 


Seflion 3. To find the Worth of Annuities, Pen- 
ions, or Leaſes, &c. at Compound Intereſt. 


Let P= the preſent Worth of any Annuity, or Leaſe, &c. and 

the reſt of the Letters as before. 
| Then, from what has been ſaid in Sectian 3. Chap. 11. about 
Purchaſing of Annuities, &c. at Simple Interęſt, it will be eaſy 
to form the like Theorems here at Compound Intereſt, viz. by Com- 
bining Theorem 1 1. Page 266. and Theorem 1. Page 2 254: into one 


Theorem. 
"oF The Amount of any Yearly Rent being un- 
Far uR— Jaid any Nutter of eons. Por Theo- 
: wy 
C * rem 1. 0 the laſt Section. Page 266. 


The Amount o any Principal or Sum being put ta 
And PR'=4 18 for the how Number of Years. Per 
De 1. * 254 


nine That Þ Þ: = S 


Viz. PR + —PR'—uR'—x being the very ſame — 

with that of my Compendium of Algebra, Page 112. which is there 
raiſed from the Conſideration of purchaſing Annuities, or taking of 
| Leaſes, &c. to be grounded upon a Rank or Series of Geometri= - 


cal Proportionals continually decreaſing, Thus -i the Firft and 


Greateſt Terms ; R the common Rai of ll the Tims; and P is 
the Sum of all the Serves. 


5 Vw . 1 8 1 
That , R r RN N ARE R N Þ 5 der. in 
e until the aft Term = fr Then will P— Er be the Sum of al 


the Antecedents, and 74 the Sum of all the Confoguents, 
2 it will be 


o | u 
7 * == Or (in the ſame Ratio) u : = 7 7. Po —_— 
which produces . A 
From this £quation may be deduced the following Ts, 
Theorem 1. Rt PR x R : —PRt 
5 N . =, ww "NB fg i 0: 


„ ds ct 
3* CPF PRE I R, will ge 1. 

| Theorem 4. [= RR The Reſolving of | 
which Equation will diſcover the Value of BR, 


Queſtion 1. bar is 30 1. Yearly Rent, to continue Seven Tears, 


| worth in ready Maney, allowing 6 per Cent. 
the Purchaſer? wes 


Here is given 2 = 2 17 And R= 1,06 to find P. 


per Theorem 1. Pin. = * = = 19,9517. 


And 1019987 0 en was 


. 


*. 


—_—_— — > ic -- 0 

a: TY Nee 
1 506) 12055 c pt 9 84 I 

| being the Anfwer er required. | 1 


Oeſtion 2. What Annuity or Liarhy Rint, e 
Nears, e to he Pur 167 fre 54. allowing 6 per Cent. 


2 11 ſion there is. given . t=7; 

5 And e Red's 57 e EO orem. 
Firſt PR X R 257,753 X 1,06 2266, 9242 
And — PR. 167, 47 16 X 1,50363)=251,8153 


Tuben R. 1 0363) 15 100 (50 =s 
That i # = 301. the ze. required. | * * 


7 mey one bape 1 


„ for 167 J. 95. Tee 6 yer Cent, dre ner 
ts e 


n], | And R=1,06 to 
End t.- By the Third Theorem. 8 : 
Firſt "OO * # 164 i 16 
ny | R=177,5199 


Then 10 lr. Soze R. 


1 is 1 continually droided by 1,06=R | 
| hail nothing remain (As before in Page — Or if it be ſought 
| N 


oyer 157 which 


„Se, | ; me fold gue 16791 34 fir the 
Pur TS Annuity of 30 l. per Annum, te ciůö—ſ- 
8 At 3 per Cent. would that Pur- | 
* Compound — ta the Purchaſer ? 

is given, P!=167,4716 . 230 nd 


1 9 R. Per Theorem 4 in this Equation N > 
[ Ki ht + which being 


brought into Numbers, and its Root 

3 extrafted, as in the fourth CE is ran: the Value 

j of R will be found'1,06 \ ata :: 100:6 
Y 9 as was required, prong 


4 A 
- : . 4 4 
N | Thels 
5 : I 
* 9 : - 
0 p 


* — — — 


- "Theſe Four offers include all the Favieti: that can be pron 1 
eck about g Hmuities or Leaſes, &. which are to be either 
immediately eat upon, or in rden the Tine wh th 
Purchaſe is made. 
But fuch Qugftians as relate to Annuities, of a taking of 
&c: in Reverſion, muſt be parted or divided into ru diftind? 
| ons, each to be ſeparately confider'd by itſelf (See Page 252.) 
the following Examples. 


Exaiiphs i 1. Suppoſe it were required to compute the Wirth 
725 Yearly Rent, which is not to commence or be 2 pen, until 


= by ohg 55 19 pp. at 
** Cent. &c. Conjound Intereft ? : 


| The Firſt Work in this Que ian is, to find what ES ths 


rum, to continue Seven Nears, is worth in ready Money; as if it 


—_ 


Mp 7-. Of . — 


. 


were to de immediately enter d upon: And toperform that, there is 


en 175. R=, o6. and 1=7. to find P, nnn 
Die this Secfion. 


Thus, =; * 00 And 75498793 =25,0207 


"Then, 18 2 1 RY 8 =4181. 141. 64 d. 
the Hefter to the Fir F Nelas 2 8 6 
Then the next Work ail be, to find what Pri or Sum 
being put out Ten Years, at 6 per Cent. Ne 
45. 64d. Here is given A418, 6783, R= 1,06, ding 
fd Þ, Per Them 2. Page 25. 


: oe 


Eames 2. n . | 
ears hence, D 


e 9d. Ready Any, ar dee. Compound In- 
In the xt Work of this ers nl | 
RE1,06, And t=10 rd which the Annuity is not 1 5 


fer'd upon) to find A. Per Theorem 1. Page 254. 
Ty PR. 22337884 * 1790847 =418,6783 = 4 the 


ax Sm | Jute DE nn 

or Queſtion there is given 
1157 (the Time that the 
- 6.618 this Section. . 
Xx RN 2X1, 50363X1,06=667,3095 
| reel ana W 


— 


nw R—1= 2 N ON 4 


T of finding P and u 40 fully ſhew the Aube 
that muſt be uſed in Reſolving he two Ge and indeed, the 
moſt uſeful Duzftions about Annuities or Leaſes in Næverſia: "And 

jf there be Occaſion, either the Rate, or the Time, v R or t, may 
be found by a due Application of their reſpective Theven 4 6 


Note, That which hath been doe in the rw lf $eftions about Hi 
nate of Try Rent, $a 6 er Cent, may 2 2 
Rate of Intereſt, by applying the Difference of the Revd (re "7 


* in the Firſt Sactim of this 


4 eee een Nd eicher 
by den h d. fe, arp Poynens, and the Method of ia 
them by the Pen may be thought a little troubleſome; I have 
infered the following Tables of he dt * 


ger Ct. 


3 7 * — mags 
9.1 Þ 


1,0295630141 | 13777875592 ' 1,8437905523 } 
> aL 2 pes, Hed Wc 1 23992985 $83 | 
* 1,0613367949 15 1,4604 548127] 231] 1,9544179853 
4,1236 141, 5036302390 24 2,0121904718 * 
— * L-15681 70026 | - T5] 1,5480821017]} 25 2,07 16830644 

| 1,191016 | 16] 1,5938 80745} 26 2,1329282601 
_© 7 |} 1,2262260228 || 17] 1,64 027601 27 2, 1959840483 
8526247696 [ 18] 1,6894789589] 28} 2,2609039557. 
| ions 19 127394250493 29 2,3277430901 
— — | zo} 


1 
| — 


| 1-790 8476965 . 22396558 100 


[- 

2 28 © 

*ne2 . =] 3 

12 437808 4718171263109 
2 — 2213777875593] 42 118437905523 
30 40700034. | 23] 1,39800 8oogoorg | "43 | 1, 8708460509 | 
— 1 44 10 eie nen 441.8982985 583 
IT 146238842769 35 } 2:4393342435 : hag 1. : 
r 
- 6] 20912357949 [267 48127 | 46] 1,9 $44179853. 

7175 1073509032 7 | 1,43 71513525 478309681 
An, 1% . | 28 15036302590 48 20121964778 
oo 7768758325 | 9586942978 49] 20223136 
10. 30 135480821017 502,07 168306444 
3 — mad (6m 1 
11 114735919574 % 145707984203 512, 1020826228 
120% J 3 1,9384804 ? 52 2132928200 
132884927936 33572259752] 5316422682 
14 e 27 t,6409670276 | 54] 2,19598404834. 
15] 2442194748 EA 6650403253 | 85 22282075801 
def entre 3676894589589 86 2.26090 39537 
17 gen — 37 | 1,7142701133] 57 2, 2940801123 
„ 5842 3841 17394259493 3582, 3277430912 | 
| 19] J 39] 1,7649491043 | $9 | 2+3019090349 : 
| - 20 1133822557 49 | 1,790847 4 bo| 2,396558193 1] 

- Either of theſe Tables nay Wh be blond fre ah pads 
Rot of dure by making the : z of the Difference of the 


As for Inſtance, Suppoſe any 


„ + 


| — of 1,06=1,029568014t Pide Table, Page 213. 


V 1,08=1,0392304845 Ke. 


| of the aforeſaid D weſtions about 
Annuities or Rents, &c. wete to be computed at 8 per Cent. per Annum. 

| Then 1,08—1,06=0,02=z for Yearly Payments; as before. _ 
Conſequently 2) 0502 (o, ol x for Half Bar Payments. 
2 Or 4) 0,02. (o, os for Quarteriy Payments. 
No theſe Values of x, although 
they may ſerve indifferently well for ſmall Rents ; as I have alrea- 
dy faid, Page 265. But if you would work exaftly ; | 


they are not really true, yet 


| mee coyltayrogcy for 3 Yearly Payments. 


* A 
* * 
N. 
d * 
. oY = 
* = 
. 
I 1 


- 
- 


And V n 
ig: 7 


Wm 


Their Difference 0,0047 00047544 28 arte Pajmence, 

are the true Values 77 x, —_ with their 
ſpective Amounts (a before for 77 237 -ording a8 

ueſtion requires, the Reſult will be the at 8 per Cem. &c. 


r other Rate, mares * 


| Nag, abe“ the Miathod uſed here (ﬆ d in Page 25 
re true (by which the * 
4 Cent . Intereſt) 
pet it — propos d to ſhew what may poſfibly be perform d 
EFF than in- 
tended for common 
For. it muſt needs be cohſel'd, that Tables calculated on Puipoſe 
for any deſigned Rate of Intereft, are much more ready. and] uſeful 
in common Practice. And therefore ſince the Legiſlative Power 
bath thought fit to reduce „ and bath ſettled it 
an Ad of Parliament, at 535 ve therefore been at 
Trouble (which was not a 5 to calculate the follbwing 
| Pee. that Rate ; but don't think it conyenient to take the Ta- 
| Be a 6 per Cent. out of the Book, \ becauſe the Examples are all 
to them; and not only ſo, but they hay be kay wht i 4 
che taking of Leaſes for Houſes, Nc. For in thoſe Caſes, the Par- 
— eg for his purchaſe Money, — 
e e rey” 


rn 


; N x . a k a Adt x \ N 
e Þ 45 7 4 * * * * þ LE HR " 4 FYY ; * a 5 * * 9 {> Dp p I * +& 4 2 * 

* ES \ * * Lands. 7 ? A eds = ** _y IR. ” — # * L * v0 SG * ** 1 1 f TE. . — f T7 44 
: * « F 0 * , J = 

L 

. - 4 

bo 
— — * by 
0 
* 
. . 

* o 


Here follbw e "HR Tables of he er of one e at the 


Pon, Bre, Mami, and Bo. a 3405 
N F . 3 8 > if 
| ELL ETD dar. j-*N 

yi (RT 4] The Anbar 

12 of 1. K . 

271373345632 

28.1 3,9201 2944 | 

_ 29] 411613599] 

f | 3432194239 

17 49 101832 1—.— — 

, 40661923 31483803940 

2,52695019] [ 324 4,70494147] 

| 2,65329770] | 33] 5,00318854] 

| -$1147745544 LT 34] 5925334797 | 
88432822 2.783962 59 | 3515.51601536 

| 2 1 | 22} 2,92526072] ——— 
1 my 313597152375} | 36579181613 
[ (4-22509994] | 37 6,98140694| 
* | 35386 35 ——— 386,38 547729 
| $5556 7269] | 3% 6,70475015] 
* " 
| 0 ; The 4 
o- = Amounts of | 
| EZ 1 J. Ec. 7 
' | {| 

{ SW SORE Oe the. 

| 21 t,6691 2030 7 

1 27102326 

131.3738940 (23725287532 

14,4% 0% 279585533 

154484887 | 25 1,84020513] 

8 — — 
16,7755 0% 26 188564914 

1 452422˙˖ 22932275390 

18,5813 2822 [[ 28,97993 16% 

{4 2 32468232) 108963838 29 2,02882616 
10 — 20 4,6388963 3⁰ — 

* Nu 2 e 


2 - 
4 


| IF The. ©. 


* * 4 * 4 
„ 
* 


1 The Table of 2 — 


IA mr 


ZH! 


1 


| 


—— 11 


* 
— 


vo] 45+» vo 
10 1,04149634 | 
1104573953 | 


Ne 


41 O. 1 8 
Ser 18 


I» OTE: "The is 7. obe 

„c. (found as that i | 
as e only Nine of th6ſe WS vine vficient 
in Practice, for computing the aki not exceeding 
_ One Hundred Millions of Page. 5 


jo lowing Table 


1336807228; 


Y. The 


Amounts of * 
e 
1» 1 1 | 12277750 | } * 41 1,64888480 | 
" ..2 | 1,02469507 1,39779943 | - 42 | 1;66gi203 3 
3 | 103727037 1,323383905 | || 43 | 1,68960414 | 
| "20500! 1,3409564 FT 
3106288585 135654164 | || 45 54-j3r32904 | 
8 2 by r 
607592983] 26 1,374 18946 | 15 $18 1,p$257632 
- 7 | 1,o8913339 EY 1497 755 1 | | 
ine, "] 1,407 109042 | | 
9111603014 20] 1,42436369 | . 
10 1,12972632 „4484887 
— 4 — 1 1— ' 
'- 114 1,14359059] |- 145954358: 
1 12,5758 ⁵ [ 32 1247745544 1 
131 11718316, 17573271! || 
HTO. 86271264 151394132 
| 15 ] 1,20077012; 1,53252076 
= — (—.— 
166 ,2185628 
17, 23042323 
18 124552327 
19 1,2608086 | | 30 2,05 372439 | 
KL 8 . 1 14 650 + 7892818 | 
29 * * S 
— . 
*. The Ta © 


11 | 


— 1 :. Of 


ws * 9 * - D 
# 
0 * - 
by - 
* & * + # o l * » * 
* — I" TY I ä 
ener ; 
6 . 
— * 
— 


PFs 


c. 297 


TY \ The Tad of th Dl e be. 


ln. - 7 


—— — 


Amounts "275 | Amounts 
· 100482376 * 7141, 0963 
2 ede 0 1,0049580 ; 7211, 8 
3] 7,00040109 381, 05092 7 1730980579 
1,0005 3483 1,0522681 |. 7419899479 
1, 0066858 1,00536119 | 25 $1491097579 
1,00080235 1,00549558 76 „0 toaro83 | 
_1,00093614 1,00503000] | 77 101034587, 
8 N „ 1,005 76443 78 184884885 | 
1001203777 1,0589888 79 | 1,01 4608 
2 22 | 1,00603335 80 | 1,01075432 | 
wa 14 1.00147 7147 1,0061 6784 107068523 | 
2 | 1,001605 35 1, 00630234 1,01 102137 
13100173924 1, 00643687 1101115682 
1400187315 1.00657 141 101129189 
1» N | 1,00670597 | 1 
16 — | - 100684095 | 1,011 209 | 5 
Wc 1700227500 1, 06975 4 1136909 32] 
* | 1,90240899 1,00% 10975 101183256 
19 , 00284299 100724438 1,01 196783 
1,00267701 1,00737903 „012103 
2 \ De I 100751450 101223841 : 
| 190296510 | | 1,00764839 101237372 
3:1 4509307918. 1, 0778309 1,01 28090 
14 | 1,00791781 1,01264441 | 
50 1,0805255 1,0 1277978 
m_ — 1 
| 1 ,00818731 1,01291517 | 
| 1,00832208| 1,0130;058 | 
63 4 1,00845687 1,01 318600 
64 } 1,09859168 1,01332145 | 
4 1,0087265 1 N | 
— — — 3 
1 1,0041524 T1,00886136 | 1 | 
1,0042 67 J, 0899623 01372788. 
1 ee |. 68. | 1,009134 11 11,01386340 
4 |þ 1,90455518 | | bg | 1,00920601 1501399893 
1 —— 78 170040093 141300 
6 — — ; D " 3 Days 


10 41481252 


1— — 


751834750 


| Ter | 3,01904644 41 
| 4 2,01916 7 op 


501467687 


8 

1,0494818 
2 1,01508386- 
1 1,01521955 


1x5 | 1,01549100 
1 coho 
1161501562675 
7 1,0157625 2 
1,0158983 1 
1,0 160 34t2 


1 | 161616994 


| 1501671349 
195168033 


4 | 1,0t6g9527 


1,01712122 


Pq rs It 


x | 1,01807338 


 2,01848173 


| 338] 2,01863738 | | 
| 1,01875495 | 1 bo | 


| 1,01880024 


1,0 1998039 
1,02011675 | | 
1, 020263124 


014 


| 1,02052591 | 


| | 1-02079878 
— 


— ——— — 


1,01535527 | 


$7 | 1,02120822 


921734473 


— 


— —m—_ 

102171439 
1, 02189098 
| 1,02202758 
| 1,02216422 
4 1,2230085 


— 


1.024750 : 


| 101630578 
2 þ 1501644 164 
2,0167752 = 


128] 1 * 19 Ft 
129 195475 $2 71 | 


1,0203 8950 


1,2056234 


1,0210772 


102148127 
1502161782 


1,02257419 


1 1,02271689 FF 


1,0228 61 
1.0095 434 


12501766621 
27} 1;0198av25 | oP 
1.438228 4 


102312 2109 +4 Þ 
2] 1,02329787 | 
1102339466 


502359447 
1.0236 


1,0929 


14 4 2,019435 


5 $1,02380814 || | 
| 302394200 
4,02407888 | | 
1 1703421378 . 


7818 54 | 
1, Ml &oll 


: : | 1 ö 


| 1,025 17459 
| 02531104 
| 2:02544970 


2502558578 
2.0272288 


| 1,02 d2586000 


. 1,02509714 | 


1,02013430 


|. 1,02027147 


222 | 


| 260872221 
142738953 
3 % 

11502 
| {4508778360 


686 


1 | Dec 


1,3011980 
1,0302575 I 
1,039395 24 


F | 20295 5 


54 9 — 


42 — 


503122197 


103135983 
1, 03149770 
103163559 
* 1,0377350 


236 1,03 204938 
103232533 
135 


| 1,3260 


2 1,0328774 
563301552 
1,0331 5361 


1, 03356801 
1,03370617 
„03384436 


1103191143 


1,03218734 | 
1,03246333 


| 1,03273939 | 


203329173. 
1,0334985 


103412079 
| 1,03425903 


53 | 1503439729 


1,03453557 
1,03467387 


7 1,03495052 


1,03522724 
|. 1,03536563 


| 1,035 50404 


+ _ 91938 
1.300576 


203395157 


103481218 
- 1,03508887 | - 


503864247 
078% 


— ß 
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—b 


1,0370277 
1,037 1663 


1, 03758239 
1, 03772109 
1, 03785982 


2 


1, 038831 39 


1,3897027 
1,3910916 
1,3924817 


103952594 


1, 04008 191 


1, 04036001 


| 


1,04077729 
12704091642 


1,0410655 57 
1,041 19474 
1,04133393 


1,04147314 


1,04161236 


1, 04022095 


| 1,03688914 | 


„073050 
1,03 744370 1 


| 1,03799856 | 


| 1,03827609 
| 1203841489 | 
| 1,03855371 
z 1,03869254 J. 


1, 04049908 
1, 040638 18 
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1, 03938699 


— 


1,03966491 | 
1, 3980389 
1, 03994289 


— 


1, 04649697 


104244810 | 
104272663 


| 1,04286622 
1,04 300563 


— 


1043455 
1, 04328451 


1, 04342397 
1, 43 56346 | 
1,04370297 


1,04384249 | 
1, 04398203 
1,0442169 
1, 04426117 | 
| 1,04440077 . 


. | rr mm - 4 ö * 


1,04258245 | 


1,04593757 
1,04607739 
1,0462 1723 
1,0463570 


1,0466 3686 


N 54038 


337 | 1,04523874 | 
1,045 37847 | 
1,0465 1822 
1,4565798 
04579777 


104677678 4 


1,0469 
| | 1,04705667 


18 


1671 | 


Z| 


| 10487376 
| 1,04887775 
| 1,04901797 
| | 1,04915820 


1 EDS PMOL 7 47} WP EATHY SITY 
LET ITE one that whoever underſtands the Work 
of the foregoing Examples, at 6 per Cent. cannot but know how to 
make uſe of theſe Tables at g per Cent. as Occafion requires, _ 
Thus far concerning Annuities, or or Leaſes, &. that are limited 
88 and tis only ſuch that can be computed by 
or certain Rules. However it inay not perhaps be mac 
 cejtable, to inſert a brief Account of fone. Efimates that Rave pee 
reaſonably made, by tum very ingenious Perſons, about the 
tion or Difference of Mens Lives, according to their ſeveral Ages ; 
which-may be of gopd Uſe. in computing the ef . 
4 for Lives, &c. 
Sir William ily in his Diſcourke uigds before the Rijal Siciety 
( mn 1674) concerning the Uſe of Duplicate Proportion, 3 in the 
of Aan and its Duration; faith, that it's und by Experience 
there are more Perſons living of between 16 and 26 Years Old, than 
of any other At or Decade of Years in the whole Liſe of Mar 
(uix. Px ors) Bly eee 
it true, be thence infers, : that the Roots of every Num- 
ber. of Mens Ages under 16 (whoſe. Rot. is 4) compared Wit het 
ſaid Number 4, 5; © > qa 
Mens reaching the Gren. 
185 Erample, tis E likely, that One of 16 Tears 
Oli ſhould live to. 70, than a New-Born Bake : Tis 3 Times more 
likely, that One of 9 Years Old mould attain the Age of 70, than 
the fai Infant, Be. | 
On the other Hand, · üs f .o 4; that one of 25 Bart Old wilt die 
before. One of 16: And 6 to 5, that one of 36 will die before 
One of 28. And ſo oh ng 10. the Revs of aby cbs de- 
clining 2 compated with (4, 00 the Root of 21, which is the 
Dar ol Perſactiam according e eee eee 
| for whole Li Laſs in mot . + 2 
* 1 1 2. 


a a 


Chap. 12. Of Compound Jntereft. 281 
2. The ingenious and great Mathematician, Doctor Edmund 
Halley (in Philoſeph. Tranſaf##. Numb. 196) doth; with great In- 

dry and Skill, draw an Eflimate of the Proportion of Mens Lives, 
from the Monthly Tables of the Births and Funerals in Breſlaw, 

the Capital City of the Province of Silefia ; or, as the Germans 
call it, Schlefia. Whence he proves that it's 80 to 1 a Perſon 
of 25 Tears Old will not die in a Year : That it's 55 to 1, that 
a Man of 40 will live 7 Lars: That a Man of 30 Years Old may 
reaſonably expect to live 27 or 28 Nears, &c. 1905 
Now from theſe and the like Proportions (he juſtly infers) that 
the Price of Infurance upon Lives ought to be regulated, there be- 
ing a great Difference between the Life of a Man of 20, and one 
of 50. For Example: Tis 100 to 1, that a Man of 20 dies not 
in a ear, and but 38 to 1, for a Man of 50 Years of Age, And 
upon theſe alſo depends the Valuation of Annuities for Lives; for it 
is plain, that the Purchaſer ought to pay only ſuch a Part of the 
Value of any Annuity, as he hath Chances that he is living. 

And for that Purpoſe he hath taken the Pains (which was not a 

little) to compute the following Table (that ſhews the Value of An- 
 nuities) for every Fifth Year of Age to the 70th, a 


5 Age. Dar Purchaſe.| Age. [Year's Purchaſe.] Age. [car's Purchaſe.| 
| 5 13,40 | 11,72 1551 9.51 
1413.33 [% 1957 7 60s 

20 | 12,78 45 | 9,91 170 5:32 


The ſame ingemous Gentleman proceeds on, and ſhews how to i- 
mate or find the Value of Two Lives, and then of Three Lives, which 
being too long a Diſcourſe to be recited here, I have, for Brevity's 

Sake, omitted it ; and ſhall only add this ſerious Obſervation, 
Vir. How unjuſtly we repine at the Shortneſs of our Lives, and 
think ourſelves wrong'd if we attain not to Old Age; whereas it 
appears, that the One Half of thoſe, that are Born, die in Seven- 
teen Years Time. For by the aforeſaid Bills of Mortality at Bre/- 
| aw, it was found, that 1238 were in that Time reduced to 616. 
So that, inſtead of murmuring at what we call a Short Life, we 
ought to account it as a great Bleſſing that we have ſurv'd, per- 
- haps by many Years, that Period of Life whereat the one Half of 
the whole Race of Mankind does not arrive, Ss 
2 9 5 O o Aa. 4. 
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858. 4. 4. Of ragen Free: hold . Kat Exe 

| at Compound Intereſt, 
All Free-hold or Real Eſtates, are fuppoſed to be Lb or 
bought'to continue for ever (viz. without any limited Time) ; there- 
| fore the Buſineſs of computing the true Value of ſuch Eflates is 


grounded upon a Rant or Series of Geametrical Prop, con- 
tinually decreaſing, ad I 


_ Thus, let P, u, R, dene th lane Data inthe bt Levin, 
Then the Series will be, A, F> . 1555 12 and fo on 
in S untill the laſt Term =o. Thas wilt F— 0 (yis- P) be the 


dum of all the Antecedents. And P— I will be the Sum of all 


the Conſequents ; therefore it will be x: ＋ * P z P — * which 


produces PR =P. 
| This Zquation affords the following Theorems. 


Therm . PEP. D. | pp =P 


| Theorem 3. 1 Pu R. 


Example. Suppoſe a ee: Ts 5 1. Trarly Rent were 
to be fold; =. bands Po . 6 per Cent. Se. 
Compound Intereſt for his Money? 

In this Queſlion there is given 1 = 75 « R= 1, o6 to find P. 
Per Theorem 2. Thus R—1 = 0,06) 75 =« (12504 =P. 
| the Anſwer required. And ſo on for any of the reſt, as Occafion 
requires. But * 3 or 
Then e Half y 

* ty wy for Year 
3 | 4 1,08 for Dry 2 wy 
Or 125 51,08 for Half Yearly — 

R = N : 4/ 1,08 for Quarterly 
The like is to be underſtood for any ther propoſed Rate of la- 
tereſt, either greater or leſs than 6 per Cont, 
Wy be Application of theſe Theortmy i deter is @ very ex) 
that its needleſs to inſerr more Ear plu. 
AN 


INTRODUCTION 


TO. ＋ HE 
Mathematicks. 
eee PART IIR + 
* CHAP. i 


Of Geometrical Definitions, &c. 
Se?. 1. Of Lines and Angles. 


pur hath no Parks: That is, a GCrimetrical Point i is 


not any Quantity, but ny an aſſignable Place in an 1 
| 2 2 by a Paint: 4 2 4 
and „ 


gb u e e as is be wit of 
Length, — and „ and 1 a Point my be ſaid to 
have no Parts. | 


2. AI is called a GR one „ becauſe it 
may have any ſuppoſed rot but no Break nor Thickneſs, 


DE TE TC Boren: 
oint 


That is, if. the Point at A, be moved (upon the ſame Plane) to the | 


Point at B, it will deſeribe a Line either right or circular (vis. 
crooked) according to its Motion. 


Therefore the Ends or Limits of a Line are Points. 


3. ARIichr Ling, is that Line which lieth even or freight | 
betwirt thoſe Points that limit its Length, — Line 
that can be drawn between any Two I A _ 
Paints, As the Line AB. r * e | 

Therefore, between any two Points, 3 lie or be a but one 

taght Line 
Oo2 4. A 


ther in all their Parti, viz. ſuch Lines 


towards another, whether they are 


27 Tilements of Gamerry. my 


4. A CiRCULAR, crooked or OBL1QUE Line, is ; that | which 
lies bending between thoſe Points 


which limit its Length, as the Lines 5 
NF Re. G 


| : Of theſe Kinds of Lines there are g SER 
various Sorts ; but thoſe of the Circle, F ee 

Parabola, Eltiof s, and Hyperbola 

ore of mot general Uſe in Geometry A Es © «bs 

A 8 


5. PARALLEL bunte; are thoſe 
that lie egually diſtant from one ano» , 


as being infinitely extended (upon the CT 
fame Plane) will never meet : As the 
Lines. 4 Bandab: or C D and ed. c. 


6. Lix xs not PARALLEL, but 1NCLINING (vir.  kaning) one 


Right Lines, or Circular Lines, wil! 
(if they are extended) meet, and make 
an Angle; the Point where they meet 
is Alles the Angular Point, as at J. 
And according as ſuch Lines ſtand, 
nearer or further off each other, the 
Angle is ſaid to be leſſer or greater, | © 
whether the Lines that include the _ 
Angle be lang or ſhort. That is, the 444 

Ty — Ad, or Af include the ſame * as A B, ind 4 oh 
n e that AB i is re 26, &c. 


b 7. All Aas Sackided berween Right fn called Riphe- 
lin'd Angles ; and thoſe included between Circular Lines are called 

| Spherical Angles, . But all Angles, whether Right- . or 3 
tall under one of this Three Denominations. 


A Right Angle. 
An Obtuſe Angle. 
An Acute Angle. 


8. ARicur eas is that which is included betwix J. 
Lires, that meet one another * | 


Viz. 6 


— — — eee 1. 
Chap- 1. N e = 


That is, when a Right Line, as 
DC, meets with another Ri oy 
Line, as AB, fo dine iy as that 
it-neither r to 
one Side more than the other, but 
makes the Angles on both Sides of 


it equal, as at x, x; then are thoſe 14A 
Angles called Right Angles ; and A C — 
the Lines ſo meeting are ſaid to be | 
Perpendicular to each other. 


That is, AC, and C B, are Perpendicular to DC, as well as 
D, C is to either or both of them. 


| 9. An OnTuss AnGLE 7 hat which i gre than Right 
Angle. Such is the Angle inclu- 
ded between the Lines "AC and 


CB. hs | 1 

10. An Acur x ANGLE is that * | "= 
which: is leſt than a Right Angle: —— 

As the Angle included between the Lines C B and C D. 


| Theſe Two Angles are generally called OnL1QUE au. 


Sec. 2. Of a Circle, &c. 
Befer 


; ea Circle and its Parts are defined, it will be convenient tt 
eius a brief Account of Super ficies in general. 


I. A SUPERFICIESOr SURFACE is the Upper, or very Out- file 
of any vifible Thing. But by Superficies in GEOME TRY, is meant 
only % much of the Our-fide of any Thing as is incloſed within 
a Line or Lines, according to the Form or Figure of the Thing 
deſigned; and it is produced or formed by the Motion of a Line, 
28a Line is deſcribed by the Motion of a Point; thus: 

Suppoſe the Line 4 B were equally 

moved (upon the ſame Plane) to C = 
D; then will the Points at A and . 
B deſcribe the Two Lines AC and 
BD; and by fo doing they will ck 
Fern (and incloſe) the err 

erxs or Figure A B CD, being a Quantity of Two — viz: 
it hath Length and Breadth, but not Thickneſs. Conſequently the 
Bounds or Limits of a Superficies are Lines, 


Note, 


A — 


2. ACiRCLE is a plain Ruler W -whoſe an is bounded 
or limited by one continued Line, called the 'CincUuMy ERENCE 


or PERIPHERY of the Circle, which may be thus en 
drawn. 


Suppoſe a Right Line, as CB, de have ons. of its. Hrn 
Points, as C, fo fix'd upon any Plane, as | 

that the other Point at B may move about- 
it ; then if the Point at B be moved rod a- 
* (pon the ſame Plane) it will deſcribe a 
equally diflant in all its Parts from the 


Br E. C, which will be the Circumference or 


Perighery of that Grel-; the Point C, will 
be its CENTER, and the contained Space - 
will be its Area, "and the Right Line CB, by which the ie i 
thus deſcribed, is called Rapivus. ; 


Conſectary. © 
From. hence * tis cuident, that an infinite Number of Right Lines 
| may be drawn fv om the Center 2 any Circle to touch its Peri 
which will be 6 ee , becanſe they are all Radiut . 
And with a little ation it will be eaſy to conceive, - 
more than tus Lines can be: drown from any Paint within 
| a Circle ts touch its Pg, but from the we Sr (9. e. 3. 


* — e 


3. Equal Cincl.xs are thoſe which have « equal Radints; for 
it's plain by the Taft Definition, that of ana the fan Radius (25 
2 muſt needs e 9 8 _—_ they 


© * 


R of; 2 OY poke 8 
oth Th Din into one Right Line; * 5 
2 AB drawn through the Center C, 
and ending at the Periphery on each Side. 
That is, the — divides * : 
* into Two — Parts. 


S A "IRE Tr Fay Half a Circle) is a * —— 
the Diameter, * n 30s the As: 2 


6. 4 


6. A ir is Half a Semicirele, viz. one Det, 
Circle ; and tis made by the Radius 

(as DC) flanding Pergandlonler upon 
the Diameter at the Center C, the 
Peripbery of the Semicircle in the Mid- 
dle, as at D. Therefore a Quadrant, 
Fo ki Semicircle, is the Meaſure 


ght Angle. 


i ACnorp Line, or the Subtenſe - 
of an Arch, is any Right Line that cuts 
the Circle into Two anequal Parts, as the Lines G; and is al- 
ways leſs than the Diameter. 
38. A SEGMENT of a Circle, is a Figure e W 

Chord and that Arch of the Poriphery which is cut off by the 

Chord : And it may either be greater or leſs than a Semicircle; as 
the Figure SDG, or SMG. © 

9. A SECTOR is a Figure included between . Radius's * 
the Circle, and that Arch of its Periphery 
- where they touch, as the Figure ICB. 
And the Arch AB is the Meaſure of 
the Angle at C, included wirt the 
Raaba, AC, and BC. 


Note, All Angles of Seger are called © "= 
—_ at the Center of a Circle. 2 | 


10. An ANGLE in the Segment of a Circle is that which is in- 
_ cluded between Two Chords that flow from one and the ſame Point 
in the Peripbery, as at D, and meet with the Ends of another 
Chord Line, as at F and G. | 

That is, the Angles at D, at F, and at G, are called Au- 
ls at the n or Angles landing on the nr of a 


Circle. | 


Sect. 3. Of Trrancles. 
* are #0 Kinds 0 "Triangles, viz. Plain and Spherical; hug | 


F ſhall nat give any Definition of the Spherical, Fn they more im- 
mathabery relate to Aftronomy. 


1. APLAin TRIANGLE is 2 . whoſe tres i is ee 
within the Limits of Three Right Lines called Sides, including 
Three Angles : And it may be divided, and takes its Name * 
Wranjing to its Sides or Angles, 


1. By 
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. ; 
ul ; \ : * N 
* 


CY TR ©? 
\ 
| * 
. 
. 


* 
* * 2 N 4% . 
: | A . < N * — F 4s * 0 - | 12 * : So a A * — KK 
* F T * 1 wk * * oy * % * N "_ 7 A n WY \ G RN n IS * 
- p ou 8 0 4 . : \ l 4 0 
1 » 
= 
74 x 
0 * - *** ah C 
— = „ e * 4 e 0 
of Geometry. $ Part 
* 
« = 
— — — a 5 * As = +, m_— 
” 
% = 
| 4 . ; * 


. 


1. By its S1 Es. 


2. An EQUILATERAL TRIANGLE, 
is that which hath all its Three Sides equal, 
as the Figure ABC 

That is, AB=BC=AC. 


. An IsosceLEs TRIANGLE, is that which 
1 only Two of its Sides equal, as the Figure 
BDG: That is, BD = DG; but the Third 
Side BG may be either greater or leſs, as Oc- 


4. AScAlzNI TRIANGLE, 
is that which hath all its Three 
Sides wnequal ; 
ſuch as the Figure H K M. 


2. By its ANGLES. 5 9 
F. A RiGHT-ANGLED Triangle, is e 


that which hath one Right Angle; 
that is, when Two of its Sides are 
P, to each other, as C A 
is ſuppoſed to be to B 4. Therefore 

the Angle at A, is a Right Angle, per E 


* 8. Set. 24. 3 1 
Note, The longeſt Side of every Right-angled Triangle (as BC) 

is called the Hypotenuſe, and the longeſt of the other Two Sides which 
 Inelude the Right Angle (as B A) is called the Baſs : The Third 


Side (as CA) is called the Cathetus or Perpendicular. 
6. An OpTuss-AnGLED Triangle, is that which hath one of 
its Angles 17 and it's called an Amblygonium Triangle, Such 
is the Third riangle HXA. 0 * 
F. An AcuTe-AnGLeD TRIANGLE, is that which hath all 
its Angles Acute, and it's called an Oxygonium Triangle; ſuch are 
te Fi and Second Triangles ABC, and BDG. © 
Note, All Triangles that have not a Right Angle, whether they 
re Acute, or Obtuſe, are in general Terms, called Oblique * 
„ 2: - Kt, 
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= — any other Bft, as 1 And the longeſt ide of 2 
every Obligue Triangle is uſually called nn ; the other two are 
* called Sides ar Legs. * 
8, The Altitude or-Yeight- of any 
Pla Triangle; is the \Length of à Right | 
Line lex fall perpendicular. from any of its 
Angles, upon the Side oppoſite to that 
Angle from whence it falls; and may be 
Ether yy or without the Triangle, FB! 
as Oezafon s, being: denoted by the * 
Tos RSS for n ig the annexed Trian- : 
| 


| * * * 
” — 2 * 3 


n b. +: ot Kur ed Figures. 


1 tare is a plain re ular Figure, | — — 3 
whoſe -; 2 "is ee Four n Sides A * 1 
all Lone to another. | r 4 
3 iy 4 „ peer] 3 | 
_ then it's alually called a Geometrical Square. > 
2. A Ryombus, or Diamond-like 
Figure, is that which hath Four equal 
Sides, but; no Rightrangle; That is, 
5 a Rhombus is a Square mov'd out of its 8 _ 
right Poſition, as the annexed Figure. 
15 A Rectangle, or a er gerte elne (oken called 


1 777 


Oblong, or long Square) is a Fi- B | C 
gfe that hath four e. | N f 
and” its-#wo oppoſite Sides equal, vin. | 
Bc HD and B H= CD. H 7 
4. A Rhomboides, is an ane Beralllrsen; 3 that 
is, it is a Parallelagram moved out bY ; 
— = right Poſition, _ DAY 
| Ws 3 


5 The Altitude or Hei be of any Oli hd P. liel | 
viz. either of the Wenden or Les peel yo * 


des, is a Right-line. let fall cular 
from-any Angle upon the Side oppoſite to 
that Angle; and may either be within 
or without the Figure : As the prick'd 

Lines | in the annexed Figure, 1 
P p 


11% %%% %% 
TALLLLILLELESY 


ſpeftive Solids, than tis 


x; Every Four-ſided Figure, A N 
oe diy thoſe before-mentioned, i is, 
called a Trapezium. 
That is, when it has neither hr 


fite Sides, nor oppoſite Angles equal; 
2 the Figure 2 8 D. 


7. A Ri bebe, drawn from. any 4 in a Four-fided Figure 
to its pales Angle, is called a Diagonal Lins, and will divide the 
Area of the Figure into 4 Triangles, ng denoted by W 
Line AC in the laſt Figur N | 

8. All Right-lin'd Figs 3 that 24 more than four Sides, are 
wy Pains. whether they be regular or irregular. 

. A Regular u is that which bach all its Sides oqual, 
Randing at equal Angles, and is named according to. the, Number of 
in Side (or ub, That i. Ie have five equal Sides, it is call- 
ed a Pentagon; if fox equal Sides, it is all; a. b. Tſe: 
ven, 'tis a Beptagon if eight, tis an Maagon. 


Note, 4ll Regular Polygans may be inſerif'd in a Cirdes that i it, > 
their Angular Points, bow many Heut they have, wal al Lift touch the 
Circles Periphery. 


10. An Jrregular lygon is that Piere which bath may 
_ wnequal Sides ſtanding | Volygon 6 (uke ? 
unto the annexed Figure, or otherwiſe); 
and of ſuch Kind of Pohgons there are inſi- 
_ mite Varieties, but they may all be reduced 


to regular Figures by drawing Diagonal | 
2 in chem; as ſhall be hew'd farther © 


* Theſe are the moſt grera and — 5 
Plain or ſuper ficial G | 

As for thoſe which relate to Solids, I thought-it convenient to 
omit given any Account of them in this Place, becauſe they would 
rather puzzle and amuſe the Learner, than i 
| has gain'd a competent Knowledge in the moſt uſeful Theorems con- 
cerning Super fictes ;, for then thoſe Definitions may be more eaſily 
underſtood, and will help them to form a clearer ea of their re- 
to conceive of them before; and 


therefore I have reſery'd choſe Definition out we come to 1 the 
Fifth Part. 


$22. 


him; until he - 


Setz. 5. of fac Terms as are re generally uſed i in — 


* 8 T% 


 Whachever 3 16 propoſed i in can will either be a Probiem 
or a Theorem. 
Both which Euclid-includes in the general Term of Pr opefition. 
A Problent is that which propoſes ſomething to be done, and re- 
lates more immediately to practical than ſpeculatiue Geometry ; That 
is, it's generally of ſuch a Nature, as to be yerform'd by ſome 
known or. Commonly-receio'd Rules, without any * had to 
theit Iruentians or Demonſtrations. 
A Theorem is when any Commonly-receiv/d Rule, or ony New 
Propeſition i is required to be 'demonf{rated, that ſo it may from thence 
forward become a certain Rule, to be rely'd upon in Practice when 
1 requires it. And therefore ſev — Rules are often call d 
Theorems, by which. Operations in Aritkmetich, and Concluſions in 
an ate perform d. | 
Note, By Demonſtration is + underfloed the kigheft Degree of 
Proof that human Reaſon is capable of attaining to, by a Train of Ar- 
guments dedured or drawn from ſuch plain Axioms, and other Selfcevi- 
dent Truths, as cannot be denied by any one that conſiders m_ - - 
A Corollirp, e Confecary, is ſome Conſequent Truth drawn 
or gain d from any Demonſtration. 
i A emma is the Demon/trition of ſome Premiſes laid PIO or 
propoſed as preparative to obviate and ſhorten the Proof of the The- 
orem under Conſideration, 


A Scholium is a brief Commentary or Obfervatis maſs "_— | 
ſome precedent Diſcourſe. 


N. B. I adviſe the young Geometer to be very REY in the De- 
finitions, viz. Not to re/t jatisfied with a bare Remeinbrance of them; 
but, that he endeavour to gain a clear Idea or Underſtanding of 1h 
Things defined; and for that Reaſen I have been fuller in every Defi- 
nition than is uſual, 

And, that he may know from 2 moſt of the following Problems 
und Theorems contain'd in the Two next Chapters are collected, I have 
.  oll- along cited the Propoſition, and Book of Euclid's Elements 
there they may be found. 

As for Inflance; at Problem 1. FER 16 (3. e. 1 10 8 ſhews thot 
it is the Third Propoſition in Euclid's F ul Book. The hike muſt le 
_— in the Theorems. 


p 5 CHAP; 
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1 
N he Firſt Rudiments, or Leading and Preparatory 

Problems, in Plain Grometrg. 


* order to perform the following Problems, the * INS 
ought to be provided with a thin fireight Ruler, mu either of 


Braſs or Box-wood, and two Pair f very good Compaſſes, viz. one 
Pair called Three-pointed Compaſſes, being very uſeful for draw- 
ie of Figures or Schemes, either with Black Lead or Ink; and one 
Pair of plain Compaſſes with very fine Points, to meaſure and ſet off 
Diſtances; alſo he ſhould have a very good Steel Drawing Pen: And 
then he may proceed to the Work with this Caution; that he ought to 
make himſelf Maſter of one Problem before he undertakes the next: 
That is, he ought to underſtand the Deſign, and, as far as be can, the 
Neaſen of every Problem, as well as how to do it; and then a little 
Practice will render them very eaſy, they * all grounded upon theſe 
Following Poſtulates. 


Poſtulates or Petitions. 
1. That a Right-line may be drawn from any one given Paint 


to another, 


2. That a Right line may be produced, encreaſed, or made anger 


from either of its Ends. 
3. That upon any given Point (or Center) and with any given 


Dijlance (viz, with any Ramus) a Grrele may be deſcribed. 


PROBLEM * 


Two Right-lines being given, to find their Sum and 
Difference. (3. e. 1.) 


Let the given has be 


Make the ſborteft Line, as 0 =: 
Radius, and with it deſcribe a Cirs | 
cle: From its Center C ſet off the 
other Line AC, and jain AC B . 

with a Rigbe-liae. Then will 4 „„ 
 8=AC+CB; and 4D = A 55 | 
C—£CB ; as was required, 


PRO. 


9 5 1 * 4 $4 
n * * att > 
ahnen 
»C X N « 2 
= aw 


— _ OO - . - - 2222 * - 6 * . 
nents or Probie ns. 293 
oy . —_— ' 
—_ . , 
* 


PROBLEM: II. 


To — dr divide a Right-line given (as 42) into % $$ | 
equal Parts (10. e. ON 


1 both Ends of the given Line viz, A and B) with any 
Riailins g greater than half its Length, N. 
deſcribe Two Arches that may croſs 
each other i in two Points, as at D and 
F; then join thoſe Points D F with 
a Right-line and it will b:/e the 
Line 1 B in the Middle at C; viz. 
it will make #C=C3; as was 
required. ag 


? 


% 


» 
| 


n . Fits 946% 5 


* 


PROBLEM Ul. 


* biſect a Right-lin'd Angle given, into two equal Alu. 
> (9-6 1.) 


| Uni the Angular Point, as at C, with any convenient Radius, 

deſcribe an Arch as A B; and from | 
| thoſe Points A and B, de ſcribe two 
equal Arches croſſin each * c 
__at D; then phy Points C and 
D with a Right-line, and it will 
biſef the Arch AB, and conſequent- 
ly the Angle; as was requir'd, 


PROBLEM IV. 


At a Point A, in a Right-line given A B, to make a Rightulin'd 
Angle equal to a Right-lin'd Angle given C. (2 3. e. 1 ) 


Upon the given Angular Point C de- 
ſcribe an Arch, as F D, (making C D 
any Radius at pleaſure) ) and with the 
ſame Radius deſcribe the like Arch up- 
on the given Point d, as Fd; that is, 
make the Arch f 4 equal to the Arch 
F D; Then join the Points A and 7 


* 7.764.665 * 


with a Right-line, and it will form the 
Angle requir d. 


PROBLEM. v. 
Todraw a Right-lind, as F, parallel ta « given Right-line AB, 


that ſhall paſs thro any aſſign 
. fance reguir d. (31. e. 1.) 


Take any convenient Point in the giren . as at C, (the 


'd Point, . viz. — 


farther off x the better; ) make IM EY 
(Cx Radius, and with it upon 1 N EP | 

the Point C, deſcribe a demi- 

tirrle, as HMsN; then make 4 

the Arch HM equal to the * -B 


Arch x N; thro" the Points M atid x draw the Right FD; 
| and twill be parallel to the Line 4 G, as was requir d. 


PROBLEM VI. 


77 let fall a Perpendicular, as C, upon a given Rigbt- line A B, 
from any afſign'd Point that is not in it, as from C. (14. 6. 1.) 


Upon the given Point C deſcribe ſuch an Arch of a Circle ä 
will croſs the given Line 4B in two | c 
Paints, as at d and f; Then biſet | 

the Piſtance between thoſe two Points * 
f (per Probl. 2.) as at x. Draw 5 | 

the Right-line C x, and it will be the | * a 

— requir'd. A — —1 


PROBLEM vn. 


T7 erett or raiſe a Perpendicular upon the End of any given 


Right-Line, as at B; or upon any other Point q * in it. 
(11. e. 1.) ä 


Upon any Point (taken at an Adventure ) out of the given 


Line, as at C, deſcribe ſuch a Circle „ 

as will paſs through the Point from ** 
whence the Perpendicular muſt be Fc. OT 
raiſed, as at B, (viz. mate C BR. — |: 
dius) : And 2 the Paint where 2 5 

the Circle cuts the given Line, as at cnn Lone 

A, draw the Circle's Diameter AC A, 

D; then from the Pojnt D draw 8 


the Rigbt-line D B, and it will be the N as was 
requir'd. 
= P R O- 
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PR OBLEM VIII. 


naue Rig Ane, 4 A B, %a M of 
equal Parts. (10. e. 6.) 


At the extream Points (or — * 1 given Line, as at 
A and B, make two equal. Ano | | 
gles (by Prob. 4.) continuing 
their Sides 4 D and B C to . e 
any ſufficient Length; then up- * 
on thoſe Sides, beginning at the 
Points A and B, ſet off the pro- 
poſed Number of equal Parts 
(ſppeſe em 5.) If Right-lines 
be drawn (croſs the given Line) 
from one Point to the other, as ' * 
in the annexed Figure, thoſe Lines will divide the given Line 4 B 
into the Number of equal Parts required. | 


PROBLEM IX, 


To af. a Circle that Hall paſs (or cut) thro any m.. | 
Points grven, not lying 1 Rigbt- line, as at the Paints 
D. 


2 Join the Points 4B and B D with Right lines; then da 
boch thoſe Zines (per Problem 2.) the A... 

Point where the biſecting Lines meet, . -- 

as at C, will be the Center of the Circle 3 

required... 5 
The Work of this Problem Warn 0 

- underſtood, twill be eaſy to perform the 

two lowing without any Scheme, viz. 


>. 
E 
5 


Dn %% — 
A To find the Centr of any Circle given. (3. „ 3.) 


By the laſt Problem tis plain, that if three Points be any where | 


: taken in the given Circl's Periphery, as at B, D, 0 
= . 2 ol 


2, a Segment any Circle "9 to compleat alu. 
4 7 the whole Circle. 
"This ma 


7 be done by taking any three Paints in the en- | 
ment's Arc » and then proceed as before. | | 
P R O- 


8 PROBLEM X. 
| Upon a Rigbr- line given, as A B, to deſcribe an 
Triangle. (1. e. * 


Make the given Line Radius, and 
with it, upon each of its extream Prints , 
or Ends, as at A and B, deſcribe an 
Arch, viz. A C and B C; then join 
the Points 4 and B C with Night- 
lings, and they wil — the Ten $ 
requir d. | 


n Equilateral - 


- 


3 „ion XI. 


me Ates being given, to form- am into. a an 


(provided any two of _— taken "yy be We has the 
Third) (22. e. 1.) 


4 100 the n * 


Make either of the ſborter 
Lines (as AC) Radius, and up- | 
en either End of the longeſt 
Line (as at /) deſcribe an BOS Og = | 
Arch; then make the other Line CB Radius, Pip the o- 
ther End of the longeſt Side (as at B) deſeribe another Arch, to 
ctoſs the Firſt Arch (as at C): Join the Points CA and C with | 
— and they will form the Triangle required. | "0 


PR O B L E M XII. 
| Upon a given Right-line, as AB, to form a Square. (46. e. 1. ) 


Upon one End of the given Line, as at B, erect the Perpen- 
#eultr B D, equal in Length with the _: | 
gven Line, viz. make BDS AB; 
that being done, make the given Line 
Radius, and upon the Points A and D 

- deſcribe equal Arches to croſs each other, 
as at C; then join the Pornts C A and 
0 with Rigbe- linei, and they will 
form the Square required. ; 


1 ” 


another Angle of the Triangle, 


a0 LEM Xm. 
Foo er Right lines bring given, to form or make of them a Riel. 


— ogram. 
Vyon one bag. lng 2 1 
Line, as at B, erect a Is * 4 F 
e uf hacks e wich 3 Tr | 
the ſborteſt Line BC; then from ” N s 


the Point C draw a | þ "9 paral- 


lel, and of the ſame Lengt = to AB; viz. make DC AB: © 


Join D Awith a. Right-e, and it will form the * or Pa- 
2 required. 


As for Rhombus wy Beste s, to wit,  Oblique-angled Paral- 
lelograms, they are made, or deſeribed, after the ſame Manner 
with the two laſt Figures ; only inſtead of erecting the Perpendi- 
culars, you muſt ſet off their given Angles, and then proceed to 

draw their Sides parallel, &c, as before. 


PROBLEM xiv. 


In any . Circle, to inſcribe or make a 7. THY * Angles halt 
be = of a N ; as the Triangle FDE. | 
(2. 6. 4. 


Note, Am Right-lin'd Figure is ſaid to be inſcrib d in a Circle, 
when all the Angular Points * that Figure do juſt — the Circles 


Periphery, 


Draw any Right-line (a H 9 ſo as Juft to touch the Circle; ; 
as at 4; then make the Angle xi 4 K 


K AC equal to any one Angle 
of the given Triangle, as DH; 
and the Angle HAB equal to 


as DG F; then will the Angle 
B AC be equal to the Angle 
F DG. Join the Points B and 
C with a Right-line, and *twill 
form the Triangle required. 


Q PR O- 
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* iy give a as 4BD, to Alte 6 Or that ſhall 
5 touch all its Sides. (4- 4. 4.) 


Biſect any two Angles of the Tri- 
angle, as A and B, and where the 
diſecting Lines meet (as at C) _ 

be the Center of the Circle requi- 
red ; and its Radius will be the 
_ neareſt Diſtance to the Sides of the 

| 


P R 0 B LEM XVI, 
To deſcribe a Circle about any given Triangle, (5. e. 4) 


This Problem is perform'd in all reſpeQs like the Ninth, viz. 
| by biſecting any Two Sides of the given. Triangle; the Point, 


where thoſe biſecting Lines meet, will be the Center of * Circle 
| required, 


5 PROBLEM XVII, | 
To deſcribe a Square about any given Circle. (7. e. g.) 
Draw two Diameters in the given a 
Circle (as D A and E B) croſſing at 
Right Angles in the Center C; * I 
with the Circle's Radius C A, deſcribe 
from the extream Points of thoſe Dia- 
meters, VIZ. A, B, D, E, croſs Arches, 
as at F, G, H. X; then join thoſe 
Points where the Arches croſs with 
Right Lines, and they will form the 45 4 


Square required. 


PROBLEM XVII. 


11 any given Circle, 10 deſcribe the lergeſt Square it can | 
| contain. (6. E. 1 


Mi: drawn the Diameters, as D A and E B, bileQing each 


other at Right-angles in the Center C, (as in the laſt Scheme); 8 


then join the Points A, B, D, and E, with Ribe. lines, viz. 
AB, BD, DE, E 4, and they will be Sides ofthe Spore re 


; PRO- 


PROBLEM XIX. 


on om Kue, as AB, to deerile uo Pentagon 
the Th '# Five fuled Polygon, 


Make the given Line Radius, and upon exch Eed of it de: 
ſcribe a Circle; and through thoſe 

Points where the Circles croſs.each 
other (as at Gr] draw the Right- - 
line Ge: Upon the Point G with 
the fame Radius deſcribe the Arch 
HA B D, and laying a Ruler up- 
on the Points D, e, mark where >: 
it croſſes the other Circle, as at F. 
Again, lay the Ruler upon the Points ! : T-.y 
H, e, and mark where ir croſſes the — 8 3 M4 - 
ather Circle, as at C + Then from ” 
the Points F and C (with the Radius as before) deſcribe 
croſs Arches, as at X. Join the Points AF, F K, KC, and CB, 
with Right lines, and the Fe will 8 the Pentagon required; *. 
422 2 PR XC 2 =CB=45; * 4, B, C, 
K, F will be equal, 


PROBLEM XX. 


* any given Circle, to deſcribe a regular Pentagon. 
(11. e. 4- & 10. e. 3.) 


Or, in in gra Terms, to. deſcribe any regular Polygon na 


ircle. 


Draw the Circles — D A, ad divide it into as many 3 
equal Parts as the propoſed Polygon bath. 
| Sides ; then make the whole Diameter 
a Radius, and deſcribe the two Arches 

And CD. If a Right-line be drawn 
| from the Point C, through the Second 

of thoſe equal Parts in the Diameter, as 
at 2, it will aſſign a Point in the oppo- 
ſite Semicircle's Periphery, as at B. Join 
D with a Right-line, and it will be 
the Side of the * required. 


Qqz2 | Theſe 


zoo 


Theſe Twenty 1 are ſufficient to \ exerciſe the young 
Practitioner, and bring his Hand to the right Management of a 
Ruler and Compaſſes, wherein I would advile Gy to be very ready 
and 
As to the Reaſon why ſuch Lines muſt bs ſo 8 as directed 
at. each Problem, that, I preſume, will fully and clearly appear 
from the following Theortms'; and therefore I have (for. Brevity s 
Sake) omitted giving any Demonſtrations of them in this Chapter, 
 defiring the Learner to be ſatisfied with the bare Knowledge of do- 
ing them only, until he hath fully confidered the Contents of the 
next Chapter; and Pm: I doubt not but all will appear * plain 
* * 9 


8 ic H A P. m. e 
4 Onllelis * at ce Theorems in plain Geometry 5 
Demonttrated. 


| Not, In order to Gs ſeveral of the following bee, 
f it will be neceſſary to remuſe, that 


T HE e (or Circumſerence) of every Circle — 
ther great or ſmall) is ſuppos'd to be divided into 360 equal 
Parts, called Degrees ; and every one of thoſe 3 are divided 
yu 60 equal . call'd Minutes, &c. 


2. All Angles are meaſured by the Keck of = Clocks dafatd'd 
upon the Angular Point (See Defin. 9. Page 287.) and are eſteem'd 
greater or leſs, according to the N umber of Degrees contain'd ir. 


oe. Arch. 


_— Duadrant, or Quarter part of any Circle, is 
e being the Meaſure of a Right: angle Bin - 6. P. 285 
and a Semicircle is 180 Degrees, being the Meaſure of two 
3 


4. Equal Arches of a Circ, or of equal Circles, meaſure equal 


. 


To thoſe froe * PIG ally laid down in Poge 146, 


(which I here. ſuppoſe the Reader to be very well acquainted with) it 


will be convenient to underſtand theſe following, which begin 
their Number where the other ended, | 


Arioms. 


6. Every whole Thing i is, Greater chan i its Part. 
That is, che whole Line * * ee — W 
. A 


greater than its Part Ae, &c. 
The ſame is to be underſtood of Super fle a 25 Solids. 


Every Whole is CAUual to all its Parts taken y_ | 
That , the- bonded... A'B is XL d | 
to its Part: 40 ＋ elde. i- 
The fathe is alſo true in Super ficies's and Solids, 


8. Thoſe Things which, being laid one upon an d agree 
or must in all their Parts, are equal one to the other. <5 Yrs 


But the Converſe of this Axiom, to wit, that equal” Things dy- 
ing laid one upon the other will meet, is only true in Lines and 
Angles, but not in Superficies's,” unleſs they be alike, viz. of the 
ſame Figure or Form: As tor Inſtance, a Circle may be equal in 
Area to a Square; but r are laid one upon the other, tis on : 

they cannot meet in all their Parts, becauſe they are unlike Figures, 
| Alfo, a Parallelogram and a Triangle may be equal in their yp 
one to another, and both of them may be equal to a Square ; but 
if they are laid one upon the other, they wi not meet in all their 
Parts, &c. 

Note, Befides the Characters already r in Part x and i in 

other Places of this Tratt, theſe following are added. 


Viz. S denotes an Angle in general, and T S ſignifies An- 
gles; A ſignifies a Triangle; U ſignifies a Square, and H de- 
notes a Parallelogram. And when an * is denoted by any 


three Letters (as, AB C) the middle Letter (as B) always denotes 


the Apgular Point; and the other two Letters (as A B, and B 
yr roy *he Lines or Sides of the Triangle which includes that 
Angle. 
Theſe Thing being premiſe, the young Geometer may proceed 
to the of the following Theorems ; wherein he may 
| perceive an abſolute Neceſſity of — well verſed in ſeveral 
Things that have been already deliver d: And alſo it will be very 
advantageous to ſtore up foveral uſeful Corollaries and Lemma t, as 
they become diſcover'd Truths: For it often happens, that a Pro- 
cannot be clearly demonſtrated à priori, or of itſelf, with- 
out a great Deal of Trouble; therefore it will be uſeful to have 
Recourſe to thoſe Truths that may be albſiing 1 in the Demonſtration 
then jn Hand. 
THE O- 
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\  _ THEOREM 


wth) anethey Righe-Ive, and FR 
| 722 I form — 3 or two 255 
. (13 e. 1.) 

Demon ſtration. 


Sigpos the Lines to g and D Cy mentng in the Par 
at C: Upon C deſcribe any Circle at 2 
pleaſure ; then will the Arch 4 D 3 „ D 
be the Meaſure of the x b, —_— 
Arch D B the Meaſwre of Ne;  * 

E and 


they compleat the Semicircle: S 
Caren the 4 Fe 180, rng 
Corollaries. 


I. Hence it follows, that if the <b=go then S 90% 

but if I b be obruſe, then the Se will be acute, &c. 

From hence it will be eaſy to conceive, that if ſeveral Right- 
lines ſtand upon, or meet with any Right-line at one and the 
fame Point, and on the fame Side, then all the Angles taken toge- 
ther will be = 1805, viz, Two Right-angles. 


' THEOREM I. 


= 4 * (i.e. cut or croſs) and he, ee 
Pofite Angles will be equal. (15. 6. 1.) 
Demonſtration. 

„E the tas Liner be 4B and © | 
F * 7 
— + 1 ˙˙⁰½ 0, 5 a | 
Then = b+ Re=180*%7 52. 
And 4 Sine $06 lat, 
Conſequently «On S ＋ 
I a, per | 
_ Gbtat T3 W boch Sides of 
the Equation, and it will leave 6 


180, as before ; and Se c 
r Subtrag? Se, and 


Corel. 


long upon the Line DG, until it 


(From tence it is 5 FER if two Lines interſeR each other, 
will make four Angles 3 which, being taken together will 
* be equal to Four Right- angles, K - 


THEOREM U.. 


If « Right-line cut (or croſs) tus parallel Lines, it will make the 
oppoſite Angles equal one to — 2 (29. e. 1.) 


Suppoſe the two Lines AB and H K to bs parallel and the 
Right-line D & to cut them both | | 
at C and n: Upon the Point C 
(with any Radius ) deſcribe a Semi- 
circle ; and with the ſame Radius, 
upon the Point at =, deſcribe ano- 
ther Semicircle oppoſite to the firſt, 
as in the Figure. Then'tis plain, 
and I wink. 8 very eaſy to conceive, 
that if the Center C were mov'd 


came to the Center at u, the two Lines 4 B and H K would 
meet and concur, viz, become one Line (for parallel Lines are as 
it were but one broad Line.) Conſequently the two Semicircles 
would alſo meet, and become one entire Circle, like to that in the 


laſt ration. 
And therefore the Ty =Rx FCA Te} { as before er 
And m = FT C= Fei Theorem 


| E. D. 
- Corollary. "8 5 


Sans it follows, that if three, four, or ever fo many Paral- | 


4 ſel. lines, are cut or croſs'd by one — all their * 
3 will be equal. 


THEOREM IV. 


De three ks of every plain Triangle are equal to froo ws Right-angles 
rn 


unn any two Angles of any plain Triangle muſt needs be lfs 
725 * two 2 angles, (17. 6, 1.) 


Demons 


. 


Let the A ABC * propos'd; draw the Right-ling H K pas | 


rallel to the Side 4 B, juſt touching —— 
the Vertical Angle C; and upon tbe - ©. . ; 
n Aogular Paine Coekeridecny Se: M. f. . K 


micircle, and produce the Sides 4 C, 
and B C to its Periphery. Then will 
r, . A, and 
Trg C, per laſt Theorem. But 
Tir wa+ = - = 18, or 
two Right-angles : L e * ＋ 4 +x vim 150 
* Q E. P 
| Corollary. 


Hence it follows, that the two acute Angles of every Right 
anf$led Triangle are equal to a Right-angle, or or 907. 

Conſcquently, if one of the actte Angles be given, the other 
is alſo given, viz, 90. the given T leaves the other . 


THEQREM V, 


 Þf ans Ge of an ties Nn bs cviencd or produced beyuad, or 
out of the Triangle, the outward Angle will always be equal to the 
two inward oppoſite Angles. (32. e. I.) 
Demonſtration, 
Let the Side A B of the a A B C potent ont of the A, 
_ &c. as in the Fi- | 
Then CZ TAN 
WC for the TBT TZ 
180 per Theorem 1. and the 
IB+=< A+IC=180, 
per laſt Theorem. Therefore 
<IB+FRz=EB+IA+IGC, per Axiom 5. Subtraft 
TB on both Sides the . A and it will leave Iz =—— 
+ IC (per Axiom 2.) Q. E. D. 
Conſequently, the outward Angle (at 2) of any plain Triangle, 
muſt needs be greater than either of the inward oppoſite Angles, 199 5 
* . or IC (16. e. 1.) 


| Corollary. | 

Hence it follows, that if one Angle of any plain Triangle be 
given, the Sum of the other two Angles is alſo given; for 180% — 
the given S the other two S. 


THE O- 
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THEOREM VI. 


| *; þ _ Triangle, equal Sides ſubtend (viz. are oppoſite 1 to 7 Hhudl | 
— equal Angles art ſubtended by _ Sides. (6. 4. 1. ) 


©emonftration. 


| Suppoſe the a BOD so be an Ihſe reles A; 
that is, let B C CD. Bite al . . or 

(which is all one) make C A perpendicular to 
B D; then will the Don each Side of it „55 TINS 
(viz. <BACand I DAC) be Right- Wh ON: TEA * 
| angles. | Bb A IC 
Therefore } : 80 . = Gwe Sls 
Conſequently, : C ＋ B= A SD, per Arion [+ 
Subtra8 * TX © — both Ties of the Equation, and it will leave 
SBERD, — Q. E. D. 


Ge 


From henee it follows, that the three Angles of an E quilateral 
Triangle are equal one to another, 


THEOREM vn. 


gp gin Tring, the longeſt Side ſubtends the greatef liel. 
18. e. 1 


7 the le o Triangle . 
r 


This Theorem i is evident by Infection only: ros let one of the 
Sides of any plain Triangle (as C B) be EC 


produced, ſuppoſe to E; join D Z with | | "000 q 
a Right line; then 'tis evident, that be- Es =_ 
cauſe CE is now made longer than the M 3 


Side B C, therefore the Sat Dis become 
larger than it was before by the = BDE: <£ 
And its plain, the longer the Side CE 3 
bad been made, the Sat D would bave FE 
bean the more enlarged. 5 


R 7 THEO. 
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THE ORE M VIII. 


If the Sides of two Triangles are equal, the Angles api to thoſe 
* 4 Y equal Sides will be equal. (8. e. 1.) 


The Truth of this Theorem is evident by the two included Tri- 
angles in (he 6th Theorem, for they have their reſpective Sides equal, 
ws. BCS CD, BA=DA, and CA common to both Tri- 


—_ And it is there prov'd, that the S oppoſite to thoſe * 
Sides are equal, &c. which needs no further Proof. 


Note, The Converſe of this Theorem holds not true; for the An- 
gl of two Triangles may be equal, and their oppoſite or — 
Sides unequal ; ; as * appear at Theorem XII. N 

C rrollary. 

Henee it follows, that Triangles mutually DEP are alſo mu- 

tually equiangular ; and, 


That Triangles mutually N are a one to another. 
(4- & 26. e. 1.) 


THEOREM IK. 


An Angle at the Center of any Circle is always double to the Angle 
at the Periphery, when both the Angles fland upon the ſame 
Arch. (20. e. 3.) This Theorem bath three Varieties or 


ſes. 
Demontiration. 
Let the Diameter D 4, ang 
the Limp D B, be the tao Lines which „„ 


form the TD at the Periphery; a 
the Radius B C, then XB CA is the 

< at the Center. But TB C A T _— 
. per Theor. 5. and — 


DC=BC, therefore D = < B, — . 
per Theorem 6. conſequently C C A * 
S2 WD. - pn 

Caſe 2. Suppoſe the > B C Fat ano hari 
the Center to be within the = BDF ©: 


at the Periphery, (as in the annexed , © 
Figure, ) draw * Diameter D 4; 
then the BCA S Z DA D= 
and dne KC FB Perce r. of „ „ 
add theſe two Aguations together, + 5727 ing "JF 


uf 
575% 


4 N . | 
N . 8 * 9 a * 9 2 „ 1 
a * a ak * * dt W * enn „ n 
[4 A 1 $ - 6 * 9 + n 
8 a -. r * * ww : * 92 nn WW. * 
4 . * 1 7 * 4 
: : : 3 


| =D,and< CBA= I, per Theo- 


_— 


397 
Then will <BCI+ < FOtma< BDA+2=< 
FD A, per Ax. 1. But = BCA4+=S FCA=<EBCF, 


ad 2 <BD 4+2<FDA=1<BDF Conſequently 
<IBCF=2S<B3DF. | 


Caſe 3. . ſuppoſe thay? BCF 3 
at the Center to be out of the BDF "i * 
at the Periphery. From the Angular r 
Point D at the Periphery Gwe ̃ ² 
er D A. 55 "Io 
hen FC A 2E 
and <BCA=2< 4} per Cale 0 


FSubtract this laſt Æguation from the 1 
other, and it will leave FCA TBC A= 2 C FDA 
— 2 FB D 4, per Axiom 2. But < FC A- BCA = 
TFC B. and 2 +: FDA—2<BDA 28 FD 
m— Q. E. D. 


Corollary. 


Hence tis ; evident, that all Angles at the Periphery, which 
Rand on the ſame Segment or Arch of a Circle, or upon equal 
Arches, are equal one to another. (21. 3. ) 


THEOREM X. 


An Angle in a Semicircle is a Right-angle. (31. e. 3: ) That is, 
if the Diameter of any Circle be the Side cf a Triangle, and the 
Angle oppoſite to that Side be any where in the Circle's 1 
ry, it will be 4 Kight-angle. 


' Demonfration. 


Let D Abe the Diameter, and DB A 
the Triangle, then B = go?. Draw 
the Radius B C, then is the < DBA. 
r For TC 3 D = 


rem 6. 2 < CB 
DS CBA, per Axiom 5. Again 
SID BA+<D TA = 189, 
od Theorem 4. CIs N B A = : go? or l 


Q. E. D. 
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Corollaries. 


1. Hence it will be eaſy to conceive, that an A 
N _ Segment leſs than a Semicircle will be obtuſe, or greater than 
a Right-angle. 


2. And an Angle, made in any ; Segment greater than à Semi- 
circle, * conſequently be acute. 


THEOREM XI. 


4 any Right-angled Trian 55 the Square which is made of tbe 


Hypothenaſe, or Side ibtending t Right-angle, is equal to 


| both the Squares which. are 21 of the 8 ides includi ng the 


Right-angle, (47. e. 1.) 


There are ſeveral Ways of demonſtrating this noble and uſeful 
Theorem, but, I preſume, none more eaſy to be underſtood by a 
Learner than that which I ſhall here propoſe : And, in order 

n *twill be neceſſary to prenule the — Lemma t. 


Lemma Ko: 


A Right-line is faid to be multiph'd with a Right-lne, when 


either a Square, or other Right-angled Parallelogram, is made 
$ of the two Lines. 


That is, the * of any Right-angled Parallelogram i is equal 


to the Product of thoſe Numbers which expreſs the Meaſure 
of its Sides. 


Thus, if A B = 6 Inches, and * Ms ns. 3 
A C = 3 Inches: Then AB x ETT-1 Z:; 28 
AC = 6 x 3 = 18 ſquare Inches; uf] T1 Wl 
which is the Area of the Parallelo- — 
gram 4b B 


Lemma 2. 
It a Rirhe-Ens be any way cut into two Parts, the 8 of 


the whole Line will be equal to the Squares of each Part, and a dou- 


ble Rectangle or Parallelogram made of both the Parts, (4. e. 2.) 
that is, if the Line & be cut into the S | 
two Parts B and C; then is S B4-C: > | — 
But if both the Sides of the E quation be - e 
— it will be 8 8 BB +2 BC+CC. 


Lemma 


ngle made in 


x 


The es of every Right-angled Triangle is half the Parallels= 
ram made of its Baſe and Perpendicular. 


For BxXC = the Area of the whole Pa- . FM 
BC H+ Abc H = the Parallelogram ; but 2 


B=b, and Cc. Therefore, + BIC 
the Area of each A, vis. 1 BYC+ibXcBXC. © 

- Theſe Things being premiſed, let us ſuppoſe the Triangle B C 
H to be a Right-angled Triangle, viz. the Side C perpendicular to 
the Side B; then will B B+CC=HH - | 
Demonſtration. 
Make a Square whoſe Side is 


| =B-+C, and draw the inclu- | 


ded Square whoſe Side is = H, 
as in the Scheme: Then will 


206 i —2 

7 * 

\ £ 

on 8 
- - 


the Area of the great Square be e- 


qual to the Area of the four Trian- 


nd 


$20 0c0dodgghthenonnaD 
4 
G*”: 
wo 
39117 


N . 
gles + HH; but the Area of s LY 7 
per Lemma Zo Therefore the den Sutz TIE 929 


ens BCG, 
conſequently, the Area of the 
great Square is A H+ 23 C. 
Involve B + C, and it will be 
BB+2BC+CC=the 4. 
rea of the great Square; per | 3 
Lemma 3. Conſequently, HH 2 BC=BB+2BC+CC,- 
per Axiom 5. Subtrat 2 B C from both Sides of the Aquation, 
and there will remain AH BBT CC. 
To illuſtrate this Theorem by Numbers, let us 
. B=;4 and H= 5. 
Then will CC = BB = 16. and HH = 25. 
Conſequently, BB+CC=HH=16+9=a 25. 


5 Conſactary. 
From this admirable Theorem (ſaid to be 
goras) is deduced the Method of add 
_ Parallelograms, Circles, Sc. 


BB 


5466664162 3 
410% %%% % %% f 


firſt invented by Pytha- 
ing and ſubtracting Squares, 


THE O- 


310 92 4111 


THEOREM XII. 


In led Triangle, a P bet fall 
N upon the Hhpothenuſe 2 ry . fl fo 


e two Right-angled Triangles, which will be both fimilar (or 
alle) e the f, Hui. and to each other. (8. e. 6.) 
Nor 41 2 Triangles are ſaid to be ſimilar (vis. alike ) when 
Angie in one of the Triangles is equal to 
Lei The o the aher; bat if any two fngle Hugs of 
one Triangle are equal to — Angles of the So, 
the third Angle will be equal. Per Theo. 4. 
I. In che Right angled 4 B 4 G, 
let A P be ſuppoſed | . 
the Fhpothenuſe B C; 1 A 
e. For < BAP+SB F; 
ene Therefore B P c 
the B APS C, per Axiom 5. 
in, <PACE S<C=90, ad BSC 90. 
Therefore PAC = ZB, &c. Con 


ſequently the a BAP 
is alike to the a ACP; and each is alike to the whole A B AC. | 


- Oe if a Right-line be drawn parallel to one ; of the Sides of 


any plain Triangle, (viz. within it) 
it will cut off a Triangle fimilar 


, ©r alike ta the whole Triangle. 
Thus : 

In the a AB D draw the Rig - 
„ 
then will the included à 2 DI be 
like the 4a 4 DB: r n per 

Theorem 3 ; and <'D is common to both the Triangles; Ergo, &c. 


THEOREM XIII. 


If two Triangles are all-, their like Sides will be proportional. © 


| That is, thoſe Sides which ſubtend the equal Angles, as alſo 
- thoſe Sides which are about the equal Angles, will be | 
to each other; and conſequently, if any two Triangles have their 
Sides proportional, their DO CN (4, 55 6, 7, e. 6.5 
| Demons 


, L +. l * * WI \ * » p . bs 
D p : ? 4 o — > 6 * * * 7 #5 7 
= be a o « = LY A 
4 . 
* 1 p —'Y l 
| ” ©. 9 7 Y | 7 
| * : is * * 9 - ; VB .. 
868 9 a a Go ©. % 
# » * ? v 4 - - 1 
* 
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f N — 
1 g 
* La 


Demonſtration. g 
Let the fniler Triangles i in the Scheme of the laſt Theorem be 
here propos'd again 


Then it wilf be BP: AP:: AP: CP, according - to thik 
Theorem, ErpBPXCP=APXAP. 


Po 

is us n the aforeſaid Right-angled aB A cut throug 
the Perpendicular 8 3 
there open'd until the Sides B 4 5 ——.—ꝓ(ð6— - -.- 


and C # become one Right-lne, 
Let the Sides BP and C P be 
continued until they meet in E; 
then compleat the Parallelograms 
by drawing the parallel Lines : 
1. HA GHB, 2 B. — 
as in the Figure 7 
| Then it is evident, hat in H f 4 & the 
PAS A CAA alſo that the ABEC 
becauſe all their reſpective Sides are equal. 

But che a BHASACLA+DHCLA=a BA. 
+4aCP 4+ OQA4PEP.. Now, if from both Sides of this 
Zquation there be ſubtracted the equal Triangles, there will remain 
DmPHGCLA=DOAPEP. 1 
and D APEP= APXAP. 1 BP: 2 
47. ; CP. Which was to be prov'd. 


Or otherwiſe, a: | 
Suppoſe the A B AC to be | SOT Va. 
Right-angled at 4 : Upon the Fr. 0 
I Point C, with the Radius 
C A deſcribe a Circle, and con- 
nue che Ehpothenuſe B C to 

; join Z A and AD with 
Right-lines ; then will tbe a ,— 
B 4 D be like to the 4 BZ 8 | 
4. For DAB + DAC, by Conftrution.. "And 
IZAC+IDAC= go, by Theorem X. Therefore 
<DAB IDAC=RZACESIDAC. By Axiom 5. 
fubtrat =D AC from both Sides of the Æ quation, and there 
vill remain VDAB= * . 


by | 


or 
<f 
. Q 
88 


N La «ky a. | . 
v * 4 * * ** 4 
190 CY * 
q : 


715 


by Theorem. 6. And Bis ; common to both 2 There- 
fore CB D A= FCB AZ; by'Theorem'b, conſequently a B 4 
D is like to & BZ 4. 


8 155 *Fhen bb Lr I Wes 17. 


Conf; 1 . 
Analogy; 


G E. D. 


16 J 
| CA | Which gives the follo 
Viz. b:b+c::b—c:6b; that is, B A: BZ: 


| = aries 


Triangle, 
Perpendicular, being let fall from the Abe angle upon the Hype* 
will be a Mean proportional between the <> pn of the , 


x. Hence it is evident, that in any 


fe : That is, B P: P 4: PL: PG. 

2. The Baſe (B A) is a Mean og” 

| proportional between the Hypothe- . 105 — i 
3. C) and that Segment of the 
Hypothenuſe next to the Baſe, (viz. 

* BM: :BA 2 


3 The Cathetus (A C) is 2 Mean 
Proportional between the 


Se 
- > 
S 
— 
— 
2 
by 


(BC) and that $ of the 
1 P th + That is; : AC: : : 


ba PCG. 


|  Seholium. 
I have wa more large upon this moſt excellent Theorem, in 
giving a double D 


ration of it, becauſe it is ſo univerſally mb | 
ful in all Parts of the Mathematicks : For the Bufineſs of Trigename- 
try (bath Plain and Spherical) wholly depends upon it; and there- 
fore one may truly ſay, that Affronomy, Dialing, Navigation, 

Surveying, Opticks, &c. depend upon a due Application of it. 
And of its Uſe in Geometry, Des Cartes takes particular Notice; 
23 — my find in Dr. Fells Algebra, Page. bs, whoſe Words 

are theſe : 

Des Cartes, W yet printed, writes that: In 
ND „nn the Solution of Geametrical Dweftions I always make 
„ uſe of Lines parallel and Ta e as much as is poffible, 
16. means as many Lines as are uſeful ] and I confider no o- 
ter Theorems but theſe two, [the Sides of ike Triangles have 


Kan * * Proportion). And [i RE Triangles. the Square of the 
ra 


1 
8 


R f . * « - 

l : : 2 * * 
— rn ge " » — YaOp—_ — — — ——— — ” * . - 
| 4 ö ” 
4 * = - F „ * 
N b . „ % * 1 * * 
1 * . x . ; * = j + 7 „ 1 4 R ' N . 3 — 

4. * => . 2 


60 «6 greateſt. Side is equal to the Squares of the tive other Sides.) And 
" 4 am not afraid to ſu many unknown Quantities, that 1 
may reduce the propos'd Queſtion to ſuch Terms, as to 2 
4 on ee Thesen but theſe Two." 

This I thought convenient to inſert, that the young Len 
may ſee how the great Des-Cartes efteem'd theſe two Theorems, 
viz. the laſt, and Theorem 11; for in Truth, all the precedent 

Theotams are only (as it were) Preparatives to theſe Two. N 


This laſt Theorem demonſtrates the Reaſon of the Method uſed 
15 ls finding out Proportional Lines ; as in the Three — Pro- 


P ROBLEM 1. 
Two Right-lines being given, to find a Third is Prom t5 thei. 


(11. e. my” 
Set the Two given Lines at | " 


any Angle in the Point 4, and 
produce the Line 4 B to C, 
making B CA; join the 
Points B D wich a Ri ght-line, 
and draw C F parallel to B D; 


then will thea 4B D be like the à 4 C F. | Therefore A B: 
B C (= AD): : AD: D F, which is the third Proportional 


requir'd, 
PRO B L E XI II. 
2 Right-lines being being bing, to find a Mean proportional Line between 


(03. e. 6.) 
1 3 5 jB— P 14884 72 | 
Let the gwen Lines be CES „ * | 
„ 
Join the two given Lines into one „ 


— 

>> 
A - 
- 
- 
- 


dix. make BC=BP+PC, and 
upon B C, as Diameter, deſeribe a 
Semicirele; then upon the Point P. 


where the two Lines meet, erect a | Perpendicolar to touch the 


Circleꝰs Periphery, as P A, and it will be the Mean proportional 
ir vis, BP: AP. 2475 :28 


Ss By 


— ronment 


34 . Fart 


mn 


Dy this Prom e to conceive how to make a Squre © 
to any given Parallelogram, (14. e. 6.) 

For if Þ be the Length, and 5 C be the Breadth of the given 
Parallelogram, then will mace ahata tech ch equal in 


Tn OOO 
- PROBLEM I. 5 
Yiree Right-lines being given v fod « forth Projtinl Lin. 


(12. e. 6.) 
CU— — T 
Suppoſe the three Lines 3 * 
| Upon the longeſt Line 4B ſet off 
the next longeſt Line 4 D; viz. 
make DBS AB— 4D; then 4 


upon the Point O ſet the other Line 
DC at an Angle, either right or oblique, and draw the Kür le AC, 
continuing it a Fufficient I Length; make B Fparullei to DC, and it 
will be the fourth Proportional requir'd ; that is, 4D: DC:: 4B: BF. 


THEOREM Xv. 


. any Angle of a plain Triangle be biſected (viz. divided into two - 
qual Angles) with a Right-line, viz. as C 2 
Angle B CD) + a} the oppoſite Side (viz. B D) in Propor- 
tion 1e the ather two Sides of the Triangle. (3. 6.0.) L 6. 
34: 1 CD. 


DOemonttration. 
Produce the Side D C, until CE =- 
= CB: join the Points Z B with . 
2 Right line, and draw the Line +. » 
FC parallel to B D; whence the F * 
IZ=ICBZ per Tbearem 6. and 
IZ+<CBZ,or2 xCBZ=<_ 
BCD per Theorem 5; or, dividing 
both Sides of the Æquation by 2, 
Un 1 I BCD. But : 1 
CD 2 DD = <ACD | by the Hypotheſes, therefore S 
ACB = << CBZ per Axiom 5: Whence AC is parallel to B Z 


per Theorem 3, and the Triangles B DZ, ADC, and N are ſi- 
milar by the ſecond Figure to Theorem 12. conſequently BA (= 


THE 0- 


#0): B BC (= =2C) :: 4D: CD, QED, 


— nd a 
—— 2 21 


8 


"THEOREM xv. 


17 two „ (howſeever drawn) within a Circle d cut ith | 
other, the Rectangle made of the Segments (or Parts) of the one 
Live, will be e 2 th the Rectangle made of the Segments (or 
Parts) of the wes Line: » 


That is, if two A (a 4B and ge do cut ch other in 


Demonflracion. | 5 2 _—_ 4 


Join the Points 40 and B D with 
Right-lines, then will the a Cx A be 
like to A BK D: For < B==< C Ft : 
and <= f= . © - £58 Es 
Theorem 9. and S Ax CS BxD. „ 

by Theorem 2. Therefore i it will be Ax: 

Dx::Cx:Bx. N Conſequenty 4x XÞ x = 
DN. QE. W 


R 40M OR E M Xl. 


If two Right-lines are fo drawn within a Circle, | as, a cont 
 nued, they will meet in a Point out of the Circle“ Peridbery. he 
Retiangle.made of the one whole Line, and its Part out of the 
Circle, -will- be equal to the Rectangle of the other whole Line, 
and its Part qut of the Circle. (36, J. e. _—_  - 


That is, if the Lines 4 C and 1 | 
D B be continued unto the ">.> 6 
Point Z ; "ad SR 5 

= DZ x BZ. 1 


GE 


3 


IN 


Des the ihe AB and CD, 
then will a CZ D be like to the 


42 BZ A; for A= TD, and S 5 
angles, conſequently, wWwABZ=<IDCZ, by Theorem 4. 
therefore AZ : BZ: + + TY + 4 Ergo, 42 X 22 


DEX BZ. 
| : THEOREM XVII. 


If 42 any y Angle of a plain Triangle inſerit'd i ma Circle there 
= ey 4 Perpendicular _ * oppoſite _ 4 DP; 


As 


r a 
Tr : p 
"t 
« d \ 
— EL ener crm——eeeannen — 
_ * 

| 3 6 | Ele 
. I 

* — * 7 


4 N . TAC N 
, * ** 4 p bs.. Ara m F * Fr PIETY”; 5 
N 0 b „„ * * Sen — * p i) Saas FRY #7 6 3, HAS 
"* as 5 9 EY * 1 N * „ 7 * , , * R * F 
5 - 4 . * 4 " - 7 y 
. - \ 


. that Perpend: cular i is in Pr r= to one of the Sides incks- 
ding the ps" ſo ts the other Si — 2. * to the Die 
ameter of the Circle. . 
te 
1 B c D be the propoſed Triangle. 
From the I. at D draw the Diameter | R. N * 
D 4; then wil TA = TB, becauſe wo 


Ty 


| they both ſtand upo n the ſame Arch DC, , © + 
ind < Þ C4= ge, by Theorem 10. : : : 


conſequently the = ADC=<BDP, c 
by Theorem 4. Therefore Q DCA is | *E Wy q i 
like to the xt DP'B; and therefore, **++c+oof 4 


DP: DB:: De: DA; or, DP; 
| D C: DB: D A. Q E. D. 


"THEOREM. XVIII. 5 


F. any Duadrangle (that is,” a Trapezium) be inſcrib d within a 
Circle, the two oppoſite Angles, taken together, are equal fo two 
Th Es 2 18˙. (24. 6 3) 1+ 0 ; 

e i in che Onarantb FBC RY SC=1 05. 
We, 3 


Demonttration. 


Draw che two Diagonals AC, and BD; ""_ 
. then will the <BDA= <=BC4, 
and the BD C=<B AC. 8 
rollary to Theorem 9. But A | 
x BCA + oY 270 = 1805. of 6 
Theorem 4. and the x. BD A+ < BDC 
== AD C, Therefore the ABN be 1800. 
and by the ſame Way of arguing ing-it may be prov', YT 
e E. D 


THEOREM xix. 


Fin any J* uadrangle inſcribd within a Circle there be drawn ft 
Lond as A Cand BD, the Rectangle made of the two Di- 


* 
ee 


* 
*, 


 agonals will be equal to both the Ref? les made of the te 
rot equa ang of the oppoſite 


| That i is, 1CxBD=4Bx CD +4DXBC. 


Make the Arch DG= Arch BC, 
and from the Points 4, G draw the Line 
Af, and it will form the & Af P, like A; 
10. the BC: For the AU 7. 
<B AC, becauſe the Arcits D & and 2. 


BC. are equal. FB, 
Again, the D A= SBC b- * 
cauſe they both ſtand upon the Arch 48: 
Conſequently, the = Af D => I AB GC, 
by Theorem 4. Therefore it will be AC: BC: :4 Dr Df. by. 


Theorem 13. Ergo ECL 4D}. 


Again, the a BA and AFCD are alike ; For <AB ' 
= ACD, and AI = CAD, becauſe the TA 
= BAC, and the x C Af is common to both Triangles. 
—— > ag Therefore AC: CD 


:AB: Bf, by Theorem 13. E. 2 Bf. But 
FINE = 3D. "Coal Bes 4D+CD x48 
D. Ar ER * * +CD x 
: THEOREM xx, 


Al W ( whether Righe or O led) that 
the ſame Baſe, or upon equal Baſes, — 22 22 
lels, are equal to one another. (35. & 36. e. 1.) | 
OR I hat thy! DA “. 


Becauſe AB=CD=e0 b, by . therefore Aa=Bbz 


for Ba is common to both. And be- 
cauſe AC=B D, and the A= 
B, therefore the 42 C 2B DB: 
And if from both Triangles there be . 
taken the 4 B x a common to both, * 
there will remain the Trapezium AB x 6 O UTYL ” A TO Way 
Sab P, per Axiom __ Puts, 2 


030600050008 


„ 
8 6 


2 y * 8 * 2 tied ad. 2 * | PERS OE. SITES ITO - * 
b 1 6. v . * q Co LI * . "7 7 ? * nn 9 * „ 
4 \ \ i 4 Y „ - 
„ 
= 5 » 4 
— nem — — — — 
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But the Trapezium 9b 770 5 and 


the Trapezium ab x D ja Cx D=tAGZbCD. u 

Se GEB. 
m . 0 = 
t wi ealy to conceive, that all THiengles which fland- 
ſame Baſe, or upon equal Baſes, and between the ſame 
i Ae = 


Triangle: are the Halls of their cire — 
; and therefore, if the Wholes be equa, ter Haſh will al | 


= THEOREM 2 XXI. 


Draw 479 10 B. 1 ny 
AB; CD, iculars to them. OV.” 
An FB= 2 430 D. 
And becauſe C D = A Þ, therefore 
DGXAB=m&DFE, but BD © 
DG:; BDXAB: DG XAB. 
And conſequently 4 4 BD : WO 
3 BD: G, e. QE. 


"THEOREM XXII. 


Lite Tri les are in @ diplicate Ratio to that their heme ; 
| * | Sides, _ (19. 7 6.) 7 — 


That is, the ea of like Trienl c in Fru om. 
ere 1 | 


FA * my 8 $. WIL 
L l 


Of — 319 
Let 7 ond a be P 


erpendiculars to the two Baſes D and 4. 
Then DA the Area of ABCD 


* 14 7 bed 


2 D 4d d. By Aim 3. 
5 : dd:: 444. And fo for other Sides. 
CG thn — OT ae — * | YEE 
— IND. 
tn every Obtaſe-angled Triangle (a: B C D) the Square the Side 
the obtuſe Angle (as D) is greater than the of 
the other two Sides (B and C) by @ druble Refiangle made out of 


© one of the Sides (as B) ind the Segment or Part of that Side pro- 
3 (as a) until it meet with the Perpendicular ( P] let fall upon 
(12. 6. 4.) 
That i DD= BB+CC+2Ba, 
Demon ttration. 

Firſt 1 DD=PP++aa+2.Ba+BB CI 
And 2 9 8 5 > 
1— 2| 3 | DD—-CC=2 | M5: 
Feel 4 | DD=BP+CC4 2a 1 7 E 


Corollary, | 
* tis evident, that, if the Sides of any Obtuſe-ang led Tri- 


angle are given, the Segment (a) of the Side produced (or the Pere 5 
2 P) may be eali]y found. 


THEOREM XXIV. 


7 perpendicular (as P) be lt * in any Acute * Tri inch 
(as BCD), the Square e the Tape Sides 2 251 

| than the Squares of the Side, ary Side 

Perpendicular falls (viz, C and B) by « double Reangle made of 

the Side B, ak fa eo rus 2.4 ot 

to che hide C. (1S&.3}:.- +. 

That z, DD +3Bo = BB + . 


Demons | 


WED EC 


' Demantration. 
Firſt | 1} DD=PP-+ ee 
And 1 PD=PPt By Theo, ri. 
But | 3 B -a Ze, I igure. 
23+ 214 By -— 0b © 0 ina: 
4 — 4345 BB — 2Ba = ee — aa. 
22 6} DD— CC = £60-— 44 
s, 67 DD CC = BB —2K 
7+ 18] DD+ 2Ba= BB + CC. 


Corollary. 

Hence i it * that, if the Sides of any A Triangle 
be known, the Perpendicular P, and the Segments of the Side 
ER e hip | 


1 9s 
ww” 


4 
| 
| 


W. 5 * © * * ; 


CHAP, IV. 


The Solution of ſeveral Eaß Problems in Plain — 
whereby the Learner may (in Part) perceive the Applica- 


tion or Uſe of the foregoing Theorems. 


N O T E, whena Line, or the Side of any plain Triangle, is any 
Way chi into two (or more Parts, either by a Pergendicular 
Line let 2 upon it, or otherwiſe, thoſe Parts are uſually call d Se: 
ments; and /o much as one of thoſe Parts ii longer than the other, is 
calPd the Difference of the Segments. 
And when any Side of a Triangle, or any Segment 
2 tis ufuath mark'd with a ſmall Line croſs it, thus : 
and thoſe Sides, or Parts 4.4 8 id, that are Heu, are mar ld with 
Four Points, thus : 


of its Side is 


PROBLEM I. 


To cut or divide a given Right-line (as S) into Extream and 
Mean Proportion. (11. e. 2.) 


| " That is, to divide a Line ſo, that the Square of the greater 
| Segment (or Part) a, may be equal to the Rectangle made of the 
| whole Line &, b cords 5 


Viz. | 1 S. = as, by the P, 7 1 : 
01 S — g Se, for d e. Rs 


129 


8% T3233 | 
[a=v/ 88+; LE 288. See Pages 195, 195. 


— _ _— WE EI 
3 " nn * — 


Note, The lyf Problem cata b en by Numbers, but. 
Geometrical it may be performed, 2 ” = 


1. Make a Squate, whoſe Side is = $ the given LIM nl biſeet 
one of its Sides in the Middle, as 9 
at C; upon the Point C deſcribe ſuch ; 
a Semicircle as will paſs through the 
remoteſt Points of the Square; ang 
compleat its * 9.4.4 


— 
12 
[I 


ETD _ 


= n on each End of the 
80e 8, be =a, the greater S mant ſought. 
But a + &: S:: S:. By K 12. 

Ene, a S288. Which was to done. 


| PROBLEM II. 


| The Baſe any Right-angled Triangle, and the Difference betwerti 
the e ent and Cathetus being given, to find the _ R 
tus, Sc. | 


Let ; | x]b=72 
2 = | 
And| 4 thetas ſought 
Then| 4 
182474 
33 
Or, 835: 4 1 22: : 4: l. By Theorem 13. 
B vl 916bb = dd 1d + 24a As before — 22 


2 = 
t 85 Here 4 


. E — "Bare vt. 


— oo 


Here you ſee that either Way raiſes the fame Equation ; neither 
is their any conſtant Method or Road to be obfſerv'd in ſolving Ge- 
dnmetrical Problems, but every one makes Uſe of ſuch Ways and 

» Theorems as happen to come firſt into their 9 the Reſult be- 
ing — Way the ſame. ; 


PROBLEM. m. 


Ne Difference berwers the Baſe and Hypothenuſe of any Righe-engled 


. Tridngle, and the Difference between the Cathetus and _— 
nuſe being both given, to find the 3 


et 
And 


8 7 


err 


9 


2 32 
X—= 25 
d+x+a=the ag” 
4 

ar = wr ral 


by 


dd-t-2da4-aa=yy 


gXX— 


440 


-2xa Ta e ee 


-2ds4+2da+2x04-xx+aa=0 Hypothenue 


dd4-24a 


Tau- 2aa=yy+ee. 


The two laſt Steps are «qual, by Theorem 11. Confequently, if 
thoſe Things that are equal in both be taken —_ 85 Remain- 
K oy get By Axiom 2. | 


That is 
1 


10 


„42 


14 


4a = 2dr = 1600 

a =v 2dx = 40 

T 425 72.0 The Baſe. 

x + a=65=e. The:Cathetus. 


9 


d X ＋ 2 2 97 The Hypothenuſe. . | 
PROBLEM IV. 


in and the ui of te afhey rs Sake, of day Rig 
4 angled ** * given, thence to fond the Sides. 


| 


ons S=137 
| aa. Ter HI 


aa4-20e4-ee=88 — _ 7 Ne 05000 
240=88&— HH S 
40 — 227 L2H 5s 


4 — HI 


78 3 E 144 
ol. $4472 n | 
| l * 2 y - 


Io] e = 


SV 2 = 65 3 The Che. 0 


PROBLEM V. 


The Hypothenuſe, and the Difference of the other two Sides of any. 
_ Right-angled Triangle being given, to find the = --. 


Let 1% = 97 As before 

Wt And 2 a—e=d=7 Quere a 

By Fx. 30 + «6= bb. 

2 & J 4 [48 — % Per di ; | 
3 — 4 2 1 12 . 
. 34 aa + 206 þ ee=2bb—dd a — 
6 w 7 WM 9 
2 + 718 [20=d | WE =144 | 
8 — 2| gja=72 

J.- =>. S356 22 = v/ 2bb—da 3 

1 — 311 2 65 | 


N 
®. * 


F=oTLEM VI. 


a any Right-angled Triangle, either the Baſe, or „Cb and 
. the alternate Segment l Hypothenuſe made by a Perpendi- 


cular let fall from the * being given, to find the auber 
Segment. 
Let] 1e 45 The Cathetus 
And| 2|b= b= 4 Db alternate Segm. 
Then] 3 P: a Quere 4 | 
| ** 4153 — MPF 
Again, | 5|cc—aa=ee. By Theor. 11. 
6 la = 4 —aa 


aa + ba = cc +; ie 
aa + ba + IA bb = cc 
a+pb=v@FB | 


a= ai: —ib=27 And ſo on fore, &c. 
4 e 4 © we I fhall 


Q 
0 
00 


. 
— 


324. 22 of Geometry. 


dan now ſhew the Geometrical Gonflratiien (or Saluthem) of the 
three Caſes of Quadratict & quations promis'd in Page 202. Let 


the GE Ye er ae, Wear hee Caſe 1 | 
Make nd +; obs | 
is here) c, into a 'Ryight-angled Pa- 
rallelogram. And upon the middle 
Point of the Side = þ deſcribe ſuch 
a Semicircle, as will paſs thro' the - : 
remoteſt Points or Angles of te 
Puraltebgram, compleating its Di- :- 
ameter, as in the annex'd Scheme. 
Then will either Part of the Diameter, on each End, be "GP to 

q; the other Part will be a T5, and the Side c will be a Mean 

. Proportional between them: That is, a ::: c: a. By Theo- | 
rem 13. 3 aa + b D cc. "Which was to be done. | 


_PROBLEM VII. 


The Diffirans between the Baſe and Cathetus of any Right- angled 
Triangle, and the 10 let fall from the Right- angle 


upon the Hypothenuſe » being given; t to * the — 
— 
i dy The Pike oth Sides | 
— 4 4 e 
"4 Hypothenule. N 9 Wy 
| 4 TE ZZ. — ce 
1 5} de +ee=pþpa 2 - 
„ [3 dd + ade + zce aa. N 11. 
| 7 | ddeb+ 2 = 2 
8| dd = aa — 2pa. Caſe 2. : 
9144 — 2pa + pp = dd + p = 1521. 
10 a - = = 39 
10+ p IIIA TY dd+pp=75, &c. for e. per Step 5. 


-, eee Cayfradtion of this Caſe 2, — 

may be perform'd in the very 9 

ſame Manner as the aff Caſ e 3 7 

was; that is, by making a Right- 

angled Parallelogram of the C;; ͤ 4% 

efficient 2p and the / dd, vn. 2 B 

4, Kc. As in 8 T 
gure. 3 | 5 5 


6 3 4 = 
4 I 
* 
- 
** 
% 


Die Hite 


" * * "I: l > SF, 8 5 MN 1 4 93 * _ 28 * * N Mes be #, x * Si 4 " 1-4 q Bay 
E * 8 ee * " E * d 17 \ * * bo p \ ” 8 9 * * 
q 8 
N . 
o * . 


\ Then will he rn Fort of the 


C _ 


PROBLEM vi. 1 5 1 


7 Hypothenuſe of any Right- angled Triangle, and the - 
50 let fall from the Right- 3 upon the 8 being given, 
the greater 9 ef the H ypothemare, 7 . | 
= 1 12 
And] 217 
Then 3 
1 
1 ＋— 


X a] 80a — aa = pp Caſe 3. 
B+. les —be =— 

9 Co Io|aa— ha +; = . 110, 25 
10 w* 11 a—ih=y i p10, 5 


; 117: I2 a=z7h + v/ b— 2 - Or, aaa 


The Gramenrical Conſtruction of Caſs 3» Viz. ha— aa = 2s 
7 may be thus perform'd : Draw a Right- 
line (of any convenient Length at Pes. 5 8 
ſure) and near its Middle erect a Per- 7 
pendicular = p, viz. of the fame * f 
Length with the Root of the Reſalune. h-a_ja*: 
From the top Point or upper End of ß. h 
that Perpendicular, ſet off _ the 5 


Length of the Co-eflicient, viz. - and upon the Point where L 


juſt touches the firſt Line (with the ſame Diſtance) deſerite | A 

— 3 then will its Diameter h be cut by the Perpendicular 
p into two Segments, which are the two Values of the Root a, viz. 
the greater and leſſer Roots, both taken together, being always 
equal to the Co- efficient: (vide Page 201.) For -a: p:: p: 4 
9 3 13. Ergo, ha—aa =pp. Which was r 8 


—_—_— 


10 


12 
A. 
14 


73 > 2|15 


The Perimeter, i ©. the Sup of 
F Triangle, and its Area, being given, thence to f 


— 2 — 


1 
11 


PROBLEM M 
all the three Sides 


any Right-angled 
each Side. | 


ae +y=s = 234 Le Sum of the Sider. 
. The Area =2340 


2 By Figure 


za 4 


Af om 2arbeemyy +44 


44-E ae Peet S 2 c 4 
„A= - f i 
2 = A 5% 


1 


5 = =97 The neee. 
a e 2 — 21 37 3 
aa—2ae-pee=yy—4A=4g 

a— 2 49=7 | | 
20=137+7=144 

a==72 The Baſe. 


1e=1 37—72=65 & Cathetus. 


— 


In any eis Tri 
Righe-angle upon the 1 Hypothenuſe; i the yg 0 Far ts 
' when added to its adjacent or next Side, be probe 
each Side, and the Segments. 


= au = ae pb 


112 -% 


eee 
riangle a P 


the 


PR 


a+u=s=108 

lepy=2z=72 Is 

a, e, u, by and 2 5 N 
USSS—4 5 7 
1 3 a 2 5 : 


T— = 


[xZ—22eþee=yy 


ZY—22Z6=pp—et=þþ 
zz — 2 25 ; 
4 : p 2: e 

a 


12 — @ 


Gt) ww CQO ww oa 


15 X 2160 z 21 22 —4 5 
16 + TY 25a@+ z A a =. 


17 — as|18 abr 


Subſtitute [19 =Zaz—jrmrns eB 

Then |20| as-+210=25=7776 1 I 
20 C n21] aa+2va+xx=z5+xx=11025 | _._- 
21 uy 122 a T= Ai Troß | 2A 
22 — K zz V : — . 8 
1 — 2324 u=60 =The Baſe. 


per 13 |25 e=E—w=27 | 
2 — 25[26|y=45=the Cathetus. 
23 + 25127 — the — I, 


PROBLEM XI. 


The Difference of the Sides of any Obligue-angled plain Triangle, the 
Difference of the Segments of the Baſe, and 7 the Difference between 


the greater Side and the Baſe, being given, to find the Baſe, &c. 


I A tb Difference of the Sides = =405 = 
2 |b = the Difference of the Segments = 495 
( 3|x= 165 the Differ. of the — Side and Baſe 
And 4 ja = the leaſt Side 
5 444 + x = the Baſe 
6 dads: d+2a: :d: 5 
By Theorem 16. 
6 1 Aba br Ad. 2d ——— 
F 
— x 11812 
8 24-5 9g9ja=- 72 = 5 
t + g{10|d+a=780=the greateſt Side. 
3 oll ern. Baſe. 


£ 


P R O- 


329 


mY &. * z 3 d * 3 1 PR N Q [1 * "WY 
* 4 wy ole C N AS * TY n N a 7 
* * 1 178 es... * 9 2 7 . "5 > 4 * 3 | 
p . 2 . 4 n 11 a. © 
— - . a 2 
* 
1 FY 
— 
2 
A l g 
— A 
C2 p 
oo” ” 
v# % 
1 8 * J * 
2 0 CE WITS v9 — — 


Segments 


The Difference of the Sides of any 


PROBLEM XII. 


in Tigi, the re of the 
icular 1 full rom the ver- 


* . 


of the Baſe, and the. 


tical Angle, being given, thence to fod all the Sizes, 


| 1 


13 X 4 

14 Z | 
8, IS'1 
a bins 


1 C 


18 ww” 
3 
20 * 2 


2 + 21 
10, Num. 


1 


* : * 
TITANS 


3 
4 
5 
6 


5 


10 


II pp Fa ge Theorem It. 
LOTT 


2 0 


| xx+2xba+bhbag _ = 4 


— 
1 5 bbaa—ddaa + 2xba==ppdd—xx 
16 2xaa+2xba=ppdd—xx 

17 . * A 


eie — 2 . 


— x ' 


21 
22 
23 
24 


= 4 
RE. 5 the Baſe. 
75 ok leſſer Side. 


Aer: the greater Side. 


| — 


The Sum of the dus Skdes any 
xREL 


PROBLEM XIII. 


gr Trang th Done 


Vertical 


m & * * 9 
A 9 
* ö 4 _— ak te ak. ends 
* a4 I * 5 0 £ EET * 
4 WF - 2 - IE 


— — 1 — . — — 


"I OE +5 — 99 


IS living Sao 329 
* ertical Angle upon the Baſe, hei t 2 
40 the Side. e, ng given, -" Hci 
WT « 3 I 
£4.98 
| Put | 5 
And 7 | 5 — 22= the Difference of the Sites; 
5 r 
Per Fe | | 9 aa + pp = ke | 5 a 
9 3 V aa+pp=e „ 
| **] 11 | ddþ2da=i—2r : 
11 + | ase = -A- 2d 5 
| = 5s —dd 4 i 
4 2e = 2x — 24a 
10, 15] 16 = | 
16 6* 17 2 +# 
4s | 
15 X 55] 18 xx — 2xda + ddaa= 1500 + 5:pþ 
I - 19 1 — ddaa - 2xda = xx 1 
3 * zxaa ＋ 2x4a = xx — p 
20 — 2x 21 aa + da = ir —2, &c. as before: 
21, hence | 22 a=225 | 
22 X 22324 2 450 
2 + 23124 d + 2a = 945 the Baſe. 
io, Numb. | 25 | «= 375 the lefler Side. 
.I— 25 26 SSR. the greater Side. £ 


rn XIV. 


The Area if any | Oblqur-onged plain Triangle, the Difference of the 
Sides, and the Difference of the Segments of the Baſe, being gi- 
Den, hoe to 


a - 
if 


3 


the Baſe, &c. 


4 = - 144550 = the Area. 
4 = 405 
6 = 495 


Put 


Hu 


. 


* ” 
- # - 44c* — 83 * _— . " - 0 0 A 
- 1 
* : «<. 
= 5 22 ? <<: * 
A x" l BAY . - * . 
Pp . . -»0 
— f C's. * 5 = . » * 
F\ pl * . i | *, 6 2 
1 * . - 
-% 5 * 
Ee Ba E , ** — 
9228 9 ; 6 - 
: * 
* TH % we - 
8 . - 
: . - 
_ 
—_— ry N = , * 
; * - 
* 
2 © 
* * 
- 


a : d ＋ 2 2. o 7 N | [ £ 
ba = dd ＋ 24 _ — 
ba — ad = 24e | %* W A Y 22 = 


bbaa — 2ddba + dddd = lade 
— oa fl Segment of he Be 
—— 


＋⁴⁴ | 
bbas — 2ddba + a+. PSY - 


1 be "Tl bla. [4 4. Dee bba* 
>» A — MY — 
„ %% D. 
19 x 44420 | {Es 
. Bhat — dic. + dg — ddbba* = 16 AAud 
. 16AAdd 


21 — 22 n 


2200 [23 | e- diza f 64D ,,, 
3 wt | 24 tu y WIT , % 
24 + 24 obo 4 = 14+ . 1% 

25 * 260 a= * * e 


— — 


PRO- 


* 


PROBLEM v. 


There is an „ig led plain Triangle, wherein a Perpendicular 
i let fall from the Vertical. Angle upon. the Baſe ; the leaft Side 


and the Baſe are given; and the Rectangle of the Difference of the 
Sides into the leaft Side is equal to the & 


. the Segments of the Baſe : *Tis — to — the — 0 
th 1 Sc. 4 


1 86 - theleat Side, 2 


Put] 4 7 = : the | + — _—_ of the Sides, 

Then | 5] "= 4a. by the Queſtian. 5 
By Figure 6'B: 2c +3: 5:45 ior Fs s + 26 
Gow, note fury Be IT 
J X 2] $397 = as 
7 — 8 | 9 Ba— 2aa = yy 
5 O8 1 ccyy = adada 
3 | — 4 ö 
9. 11412 Ba — 24 = — 

| ＋ : 


12 X cc|13 ecBa — 2ccaa = aaa 
13 = a |14|ccB—2cca aaa 

14 + 2cca |15} aaa + 2cca = cB 

1 5,inNum. 16] aaa + 62724 = 288512 


The Value of a, in this Equation, may be found as in the Ex- 


amples Page 238, viz. by putting r +e = a, may as in thoſe Ex- 
= amples you will find à =-37,55502, Kc. 


PROBLEM XVI. 


The is Chords or & Subtenſes of three Arches complea ting a Gas, 


circle being each given, thence to als the Diameter of that Cir- 
ele. That is, 


Any Trapezium being inſcrib'd i in a 3 7 ane of its Sides 


be the Diameter, and the gther three Sidesbe given, thence to Joe | 


the reel or fourth Side. | 
3 U u 2 | ; | Let . 


quare of the Difference of 


= 


This A quation * ſolv'd, as in Brample 2 2, | Par 240, you | 


v3” 


— = By Theorem 10 o and 1. 


ccaa + 2bdea . bbdd = ceyy 
aaaa — bbag — ddaa + bb — eryy 
aaaa — bbaa — ddaa ccua + 2bdea. on 
aaa - bbg — dda — coca — 2bdc Os 
aaa — 35 — | 


aaa — 50 = 120 


will find a= 8,05581, &c. 


PBOBLEM XVI. 


In an Right-angled Triangle, the Area and the Sum of the Hybo- 


-thenuſe, when added to either Side, being given, thence to find 


the Sides, &c. 
'Supy 4] 1 3 
N 2'y +£=s — 120 the Sum, &c. 
I 3j/Quareg, 0 221 
» N, 
* = 22 
3 ; 5 wy 
Per Fig.] G + ee = yy 
2 — 7 =f—e 
3. 7 8L=ntt 
8 0 90 == * £64 : 
- = aa 
a "_ 10lee —4+44 0 
10 + aa ri. K c = = + aa 8 
6, 9, 11 


8 0 


My CON bt 


id + a 


— ——_ 


bh — 


. 


14 | ad; 
14 + 15 


15, in Num. 0 ö | * 0 | 4 | 
The Ealue of a, in this Equation ay be , found dund as in the 
ba 243 5 ee bs, 52 — 


ir will be found that g S 60. 


25 PROBLEM xVIIL 


Th Gs ion gled plain Triang le, n 
las ir let fall from tha, Vertical Angle e the Fm 
of each Segment of the Baſa, when added to itt adjacent or next | 

ide, and the Area of the -"——_ 3 . 
pendicular and each Side. 


24.72 1500 


E. Ie, * „ and i 


—_ 55 . 


_ Hoving 2 de Vals of * 


. ole” rwo 


19 22 
oth Step. 


6, 19 


— — l 


4 24 * 
ah, 22 25 "a 


un — 0g 4. $300 _ 420 


. 
4 4z4 
e Dar 
þ| 9000008 — aaa =- 243000000 - 
| ne. X [ud found in: the lat Problem.” 


225 — a Þ 255 24 = 


PROBLEM XiX. 


e 


There is a Right-ongled Triangle, 3 a Ris hi-line is draum 


2 to the Cathetus; - there is given the Cathetus, that Seg- 


ment of the Hypothenuſe next to the Cathetus, eee 
e Baie thetcs ae #6 Bake, _——- - 


viz. Let] 1]b=20.c= 24. and b = 
Then 2|6+ a =the Baſe — 


— 


Here J 4:2 per Figure. \ 
e ee. 


es 21 
2 e 
+ a 


* 
| 8 
|= 00 oo 4 + 


. 
bb + 2ba + aa „ 
bh — aa —ee 3 
ccaa 


bb -+ 2ba ＋ aa 


* — Tt... 


+ 
Tz 
Ln 


4 ＋ 2baaa - ccaa I bbag —hhaa—2hhba = hhbb 
2 5 — 5 


„ * 


— 
— 


For a Solution of this E let it be made | 1 


2 G b=40 .. c=7692 . 
. . bees e 


„ 82 
3 
« 3 Zrre ＋3 e = baaa 
Then e 2 

hs Aer 


— 


=6 = goopo 


ccaa=hhbb — bbaa + 2hbhba — 2bas 4- _ as 


D 220 


Then 40000 ＋ 120008 + I ο ( _ 
| .} + 75100 +-15020e 751 | 


— 90000 — goooe 9 


That is, 35100 ＋ 22020e + 288102 = = 90000 
Hence it will be 220206 + 25517 = 54900 


Conſequently, op e = 21,52 =D .. 


ba $a tht 


4 . 3e 
Operation, 8,63) 21,2 . 
122 = 2,1 20 


1. Diviſor = 10 1,52 Firſt r=10 90 
2. Diviſor = 10, 7 — 2, ig 
r e = I "12,1 =" fora ſecond 


, which being 5 multiply d into the Coeffict- 
ents, 28 op Sig will produce theſe Numbers : | 
+ 21435,8881 + 7086, 24 878,46ee 1 
＋ 70862, 4400 10 569, 20⸗% 1 c. 
+ 109953. 9100 174, 0e + 751, ooee : 
— 108900, oooo — ooo, ooe 
Viz. 93352, 2381 + 33829, 64. + 3081,46ee =90000 
ere, becauſe 93352,2381 > 90000 therefore 12,1 > a, 
and therefore it muſt be made r — e = a, which will produce 
the ſame Numbers, only all the ſecond Signs muſt be changed. 
Thus, 93352,2381 — 33829, 64 + 3081,4bee = * 2 
from — will ariſe this AZgquation - : 4 
Þ+ 33529,04: — 3081, 46 = 3352,2361 a L 
c 10,97 N = 1, 08787332 = D 
Operation 10,9784) 1,08787332 — e 
W 9792 


1. Diviſor 10,88 108673 Laſt r = 12,7 
2. Diuiſar 10,879 979 T 2 =0,0999 
3 Divife 10,8785 | 1076232 re 12,0001=e 
979065 ; 
"nt 


„ EM XX. - 
In the Obli que-angled Triangle C AD, there is given the Side A D, 
| and the Sum of the Sides y C+Cc D; ; alſo within the Triangle 
it given the Line A B perpendicular to the Side CA; thence to 
find the Side C bs &c. Let 


a= |) 
| 2 = 2 32 *s YM * Cour 
- $4 Ae fought. 2 4 


'Fhen | . 


WE: - 1 C44-CD—+= 
Let 1 , 


TT TX” yo Am Aa 0 


** fike Line b et 8 
parallel to 1B; C A being ode + TY 
ACAB, and A'C F will be alike. | 

BC: C4 :: DC: CF öũ 


SC ET. Let AP=e, and ID 


6 
7 
8 d-6.6--43 2: 4 4＋ . 
9. | 


2 Zzae- Tee- 

„ eee eee 
14-2 dd ⁰ 

15 |2x=55—dd 


16 — f e 
2 
ee. 
1 | 
: . T= | 7 
bn F=PY 
. SatL 3 
20 ——— — . — TY 
1 3 
FOR 3 Ln” bg 
195 — 2 } ee 
This Afqwation being ich out of the Bades, and into Num- 


bers, will become — 2018 + 1254094) — 24642 30, 25 
35468307 — 274183922425 3 which being divided by 2018, 
ihe Co-rffcient of the, gheſt Power of @, will be — at +62,145 


2 — 2 1 ene 12558955 2 "WM 


#4 + 


BB £ of 


 Hemg | due Regard being had o the gr of evety Term: 


Diajſen, 


Series, but alſo into i 


ſuch Diviſion, or * 


many Points there muſt be (according to the Height of the Aquation.) 


* ns 3 : "7238, Kc. 
Nos from hence one may 5s eaſily gueſs at the ius of +; wit 


And from — Fake ofan 


may be fund, 1 Pe 


This Wat ofrdaie cing, or preparing Equation for a Salution/by 
hath always been taught both by ancient and modern Wri- 
ters of Algebra, as 2 Work ſo neceſſary to be done, that they dd 

not ſo much as give a Hint at the Salutia of any agficte SH. 


tion without it. 
Now it very often happens, that, in dividing all the Terms of an 
ients will not only run into a = 


» ſome of their 
fect Fractions (as in this Zquation above 
which renders the Solution both tedious and imperfecł. 
To remedy that Inperfectun, I ſhall here ſbew bow this 
Equation (and conſequently any other) ny be reſolv d wit ut 


Let 2018. = 125409. 2 » | 1 
J. = 35468307... And G= 27418392225  - | 
Then the pretetlent ZEquation will ſtand thus: 2 
— baaag -A. aaa — dad + fa = G „„ 1 

Fut r Þe= @ as _ As. 
: | | + * + 22 Zeri = ＋ ca 
Trawly ,. 2. Rata 
+ fr TI. W 


This is plain and eaſily conceived, The next Thing will be, * 
how to eſtimate the firſt Value of r; and, to perform that, let G 
be divided by ö, only fo far as to determine how many Places of 
whole Numbers chers will be in the Qustient; conſequently, how 


28 
— g 


| Thus b = 2018) G = 274183922,25(130060 
„ 


all che Terms had been divided. That is, I ſuppoſe r = 10 


; * Fes involved, &c. as the Letters above ares, wil be 3 1 


* 


*. e eee X * 0 18080 


83 5 x HL 

* * A 4 

y . 
>: ' 4 "YR 
. 4 & 
; a = 


338 a — | — i 


— 80720008 —— 1210800 82 
2 


+ 125409000 376227008 ＋ 3562 
— 246423025 — 49284b05e — * 25ee 
＋ 354683070 + 35468307e S 
—ů— —¾¼ — — — — 
Viz. 213489045 +. 157.34402e + $7 85535 22741839 de. | 
Hence 157 34402e ＋ 87239, 1 5 = 60694877, 25. 
E 3 ee = eee. =D 


1 1 
en 180,3) 695.72 55 =e 


+e= 3 , 549 
1 Diviſor = 183 3 146,72 Firſt 18 10 


EW Diviſer = 184, 2 3˙²³²ü 


3 | 1 13,7 =r for a 
ſecond Operati atlas, with which ch you may proce, inthe luſt Pre 
lem, and ſo on to a third f require ſuch Ex- 
actneſs. But this may be 7 os to ſhew the Method of refoly- 5 
ing any adſected Zquation, without reducing it ; which is not on- 
Iy very exact, but alſo very ready in Pris, us will fully appear 
in the laſt r of this Part, concernin iphery and 2 * 
of the Circle, &c. wherein you will find a farther 4 in 


the Nemeria! Sti of Fgh E than hath hitherto been 


publiſh'd. 


a . % * th rn — r n 


CHAP. V 


3 Praflica Problems, and Rules fur finding the — 
4 Contents, or Area's of Right-lin'd Figures. = 


Bk! proceed to the following Problems, it may be conve- 
nient to acquaint the n that the Super ficies or Area of 

. any Figutt, whether it be Right-lin'd or Circular, is compoſed or 
made up of Squares, either —_ or leſs, according to the 
_— ee Dimenſions of the Figure ate taken or mea- 


| "That is, if the D; are taken in Inches, the Ae will 
be cop of (fre if the Dimenſions are taken in Feet, 
oy vs will compoſed of 


quare Feet ; if in Yards, the free 
Roxy and i the Dimenſions are taken by Poles 
% (as in Surveing of Land, rl 

3 &c. Thele Things being underſtood, and 


7 32 


* | a att V OT 
PR. 2 Sf * ä oy n * * 4 0 8 £44 2 
hd” * by * oo 3 y 7 3 * * — A = * . kf 4 
7 7 th, + 6 * £ - \ a y- 7 — 8 + © \ * ou 
- , x 
\ , 


ar 5. 7a als about a=". Kc. 339 


the Definitions in the 28 3 and 284 Pages well confider'd, will belp 
to render the following Rules very eaſy. 


PROBLEM 1 


25 find the Super feia Content, or Area of a Square z jo 
a Right-angled Parallelogram. 


Multiply the Length into its Breadth, and the ProduB will by 
Rule. | . l th L Ly (See Lemma 1. Page 302.) * 


, Suppoſe the Line 4 B = 6 


Yards, and the Breadth ACor BD 2 E an 

= 3 Yards, then ABX AC =6 | | Mass 
* 3 = 18 will be the Number of r 
ſquare Yards contain'd in the Area of 2 ol Th LK 
the Parallelgram 4 B C D. This 5 . —D 


is ſo evident by the Figure _ that 
it It needs no Demunſtration. 


PROBLEM II. 


To Ind the Area of any Obligue · angled Parallelogram, viz viz. 
OY cicher of a Khombus or Rhombdides. 


Rule. Multiply the Length into its perpendicular Height (or 
$ B — ) and the Product will be the Area required. 


That is, the Side AB x BP = ihe Area of the Rhombus 
ABCD. For if B P be drawn per- | 
pendicular to C D, and A G be made pa- A 3 f 
rallel to BP, then will ee P D and | * 
GP=CD. Conſequently a IC =«» 
a BPD, and = GP = Rhombus 
ABCD. But AB XBP = DB ABGP. 
ABXBPoCDxXBP= 
the 4rea of the Rhombus 4 B CD. 


O. 111 . 
1 J 
7 


, Suppoſe the Side 4 B = 23 bekes, and the 2 
* BP 17,5 Inches, (being the ſhorteſt or neareſt Diflance be- 
tween the two Sides, A B, and CD.) then ABN BP =23X 17.5 

=. 40245 ſquare Inches, being the Area of the Rhambus required. 

. may be done for any Rhombides whoſe Length and f- 


i RE Breadth is given. 


Z 
ö 

| 
= 


Xx2 


P R Q- 


7 * * 
n * 1 8 
* 1 a 90 * * 


* * wad . " 
1 4 Rey e c *＋ * ro * 9 
7 * 7 — 2 Ar 2 
S 4 Se 1 q * A * 1 N * 


—Timans eee . 


ROB LE MH M. 
To find the Superficial Content or Are of any plain Triangle. 


Triangle fo it circanſeriting 2 | 
| A 1.9 ae fe 


— LN Multiply the Baſe given Triangle into its perpendi- 
Rule. Jo Height, or 741 Baſe into the arty fad e/ ama 
and the Produ# will be the Area. © 


That is, B Dx CP, D* P dreqofaB CD. 
For AC = BP, AB = CP, and A "8 
 BChcommontobothaa; 8 
fore A ABC= ABCP, and for 
the like Reaſons a CFD = a 
CPD. Therefore 4 BC Z + 
ACPD=+i mDmABCD. Con- 
Ne BD X CP, or BD CP will be the 4 of a 

D 

_ Suppoſe the Baſe BD = 32 * and the perpendi- 
| Then? B DK CP = 16 R 14 = 224 Or BDXicP 
= 32X 7 = 224. Or thus, 32 x 14 = 448. Then 2) 448 

(234 = the has of the TONY TA ee ee 


PROBLEM IV. 


Cr find the Super ficies,” or Area of any n 


Firſt, divide the given Trapezium into two Triangles, by draw- 
ing a Diagmal ei oge of its acute Angles. to the oppoſite Angle 5 
and let fall two Perpendiculgrs EL the other two Angles ) upen the 
- Diagonal, 28 in the following Figure. Then 


Multiply half the Diagonal into the Sum of 8 two Perpen- 
| Rule. | tears or I the Sum of the Peryendieulays into the BU. 
| gonal, and the Product will be the Area, = 
That is,  ACxX BETED. Or A Pz 
Area of the Trapezium . 72. 'D. | _ " 
For the 4 4 BC is Ha its cireumſeribing Parallelogram ; and 


_thea ACDis allo Half of j * * jen, wan 
been prov'd at the aft Problem Y war * 
3 


0 3 


— 
— 
* 


| tly. FPV ED) * 4c, or's PFTEDX AG 
will be the Area 2 „ F WWwOtl 
as above. ä 


1118 108508 


Example, Suppoſe the * Als 
AC= 33 Feet, the Perpendicu- 
lar B Þ = 15 Feet, and the Per- 
pendicular E D = 14 Feet. Then 

BP+ED = 29 Het, 2 5 

= + EDX; AC= 20.7 

= 478,5. Or AC K PET =, d * 


thus, 29 & 33 2 957. Then 2) 957 (478,5 any of theſe Pre- 
40 a the e of f the Trapezium A B 45 a yarn 


1 
3- 


: 
<7 
4 


PROBLEM v. 


Te fd he Spe Content or Area n 
many fided Fi 2 by ſome f 74 
2 is call d a Triangulate, becauſe 
(as I ſuppoſe) it muſt be divided into 
Triangles, as in the annexed Figure 
ABCDFG; by which it is evident, 
that the Sum of the Area's of all thoſe @G” T4 
Triangles, found as in the laſt Pro- + 
blem, &c. will be the Area of their RES 
 circumſcribing Polygon. 
PROBLEM VI. 


Te the Super s, or Area r P viz. 
"Lig Mee, Led —— "Uo 


N e. the Sum of its Sides into the Radius 
of 5 Circle, or half the ſaid Radius into 
Ca Rule. J ib. Sum of the Sides, and the Produ? will % 

equired. wo 


Area r 


* „tete. :X CP 


the Area of the annexed 08 . ein ie h evident, that its 
Aria is compos'd of fo many equal Jſeſceles Triangles as there are 
Number of Sides in the Ne: viz. of eight Ijoſceles Triangles, 
Whoſe Baſes are the Sides of the Octagon. viz. AB=BD=DE, 
Kc. And the Sides of thoſe Triangles, CA, C B, C D, &o. are 
the Radius s of the ctrcumſcribing Circle ; and their perpendicular 
| Heights, viz, PP, is the Radius of the inſcribed Circk. ah: 
1 t 


» * 
wo 


Pare Tk | 


1 — — eee 
Tl 3. Conſequently the 
Saus of all their Area: will be 
CP. into half the Sum of all 
their Baſes, as above. 
Thi, being equalh evident 
* in all regular Polygons whatſo- 
ee.uer, makes the Rule general 
for finding their Area's. 
Now, becauſe it is requir'd to 
have the Radius of the propos d 
| Sobgo'sinſeridd Circle, I hall 
Proportions that are between the 
' Sides of ſeveral regular Polygons, and the Rodiur's both of their in- 
d and circumſcribing Circles; the one will help to delineate or 
ch 


997956 | 


5 541 6667665 


: And Firſt, Of an Equilateral Triangle, 
| The the of any Equilteral plain Triangle is in Pr gemi to the 


moe oc 
E: 1 by its 1 Circle, 


__ - (0457735027 bee. 
> As 1: To 
Perpendicular Height, J 
AB:CD:: 1: 0,57 35 
wed 1 121 


o, 28867 513 &c. 
&c. 
: : 0 57235027 | 


0 0, 86602540 
I : 0, 866054 


| 1 n 
470054 bee. = AH, then 3 2 nat, 25577 35027 = 
: DG: ; DG: CG, that | i, 0,8660 254 o, 5 :: ; 


1 92 Sn n Q. E. B. 
3 \_by the ff elp of the Firft of theſe Proportions ie will be 
P R 0- 


3 wo 


eaſy to reſo * 


by Theorem 19. Conſequently, AG x 


I Cor 
= 


* 


"PROBLEM vit” 1 
b eee 


| Example, Suppoſe the Side of the propor'd N, 40 


be 25 Inches, viz. AB = BC = CAS 25 B- 
Firſt 1: 0,866254: : AB= 25: 22 
= B P by Theorem 13. Then AP (= 
JK B P = ihe fot A 4B Cby Rub . 
to Problem 3, that is, 12,5 X 21, 650635= F#f- 
270, 6329 the Area in Inches. | 3 

Or this Problem may be otherwiſe . 
thus: Let = APS AC. Then 232 
43. But LI 1B -A P= NBP. By Theorem 11. That 


4bb — z = Q BP. Saen Nr 
Then v/ 36= BP X24 4C. anda rear z3 = the 
IE ES; : 


5 Secondiy, For a Pentagon. 
The MY OP Pentagon is in Proportion to the Radius of 


Circumſcribing Circle, | 0,85065080 &c.- 
* \ hive Circle, ? As1: To E 19096 c. 
| ergendicular Height, 1,53884176 &c. 

att AC :: 1: 0,850b5o80 5 


AB:CH::1: o. 688 19096 
43: 4H: : 1: 1,53884176 


Demonſtration, : 
Let AB = x. And draw the 
Diagonals AD, A F, and DG, which 


will be equal to one another. Then will 
AG x DFTADXTGF AFx DG 


DFS AFx DG: — AD XGF, that is, on fin 0:40: — 
Dx GF= 1 (becauſe AB=AG=DF, and ID AH DO) 
; hence it will be 4D = 1,61803398, then 4D — DH = 
DO AHby Tbeor. 11. But DH=34B, therefore L= 
= AH = 1,53884176. Again, AH; A D: 40: 21. 
For - AAD and a ADX axe alike, 


— _ 


n "Fe q Ku 4 N 7% ? y : ; l N | , a N 9 * * 4 68> Ba 8 , 
* | | * Rn 

4 6 0 N * 

— a 

x” N 

f 5. 1 — | 
SE \ 
M4 


Ergo 2 240 , 70130161. Hence 40 e, 8506 5080 
But 4AH— 4C=CH=0,68819096, &c. E D. 
From hence it will be eaſy to reſo olve the following Problem. 


„ere VIIL 
The Sie 7 any regular Pentagon being given, to find its Area. 
Example, Suppoſe the given Side to be 15 Inches long, then it 


25 38 1 153884176 :: 15: 22, 0826264 the | 
eb; and by the general ak 22,0826264 X Y= * 


b 
| Wich, For an Octagon. 


| Heli om eye Org nis in Proportion to the Radius of 
ies þ Corea cribing Circle, As 1: to 1,30656296 Se, 
we Circle, As 1: to 1,20 10678 STA 
3 ut 34: CA:: 1: 1,30656296 
8 reer: :: , 20710678 


A Id the Right-line D B, and 
from the Point B let fall the Per- 
Hey B x upon the Diameter 


=P © | "Then wil „Abd nd a D&B 


FF $— « 
ELD and y = BE 


1 _ 262 N Viz. D4: BA: D: 


4 * 
2 
« * 


> 
- 
- 
CY 
- 
. 


bsh 0 DDB By 11. 
4X bb] 5. 2 B waa 
9 =y. Yor Gr = HE 
s 1 1 64 r k 
34 * 3 6 


4bbag — 24 = bt, Or 20% — 4 bbas 55 


aa. 2bbag = — 7? 2? 

9. — 2bbaa + br 1 =! the 

lag - bb = yf 2b+ 

aa = bb + 4 bt 

a = V :bb+vy/ ; 10 , 30656296, Ke. = 048 
aa —ibb== UN CP, viz. CH- HP= NG 
vag—Tbb=1,20710678 . = CP. 


* rom x hence twill be eaſy to find the Area of ** Gs. 


PROBLEM IX. 


The Sids of any regular Octagon being given, n 
Example, Suppoſe the Side given to be 12 Inches long; Firft, as 


1: 1,20710678 ::12: 144852813 6 = the Radius of its inſcrib'd 
Circle; then 12 X 4 = 48 is half Sy Sum of its Sides, and 48 X 


4545281 36 695, 2935 the Area required. 


Fouribly, For a Oetagon. 
The Side of any regular Decagon (viz. @ Polygon of ten a 
Sides) is in Proportion to the Radius of 
[ cribing Circle, as 1 : to 1,61803398 &c. 
15 10 Circle, Y as 1: to W &c. 
Vis. 1% 3" +$8 & 1,61803398 
BA: CP: HL - aaa 


57 247 FI : Bx 
5 4 
= 85 
B :: 1: 1 B tee Pentagon. 
e 


1 16 ad | 
| KDE! 5 1803798 = 4 5 1 ABS | 
2 61 | VIZ, Y- PF. =0 CP, By Thevem II. 


That is 7 2 61803398—0,25=2+53884476=CP 
5 Yy PRO 


 _PROBLE M X. 
De Side of any regular Decagon being given, to find its Area, 
_ Example. Let the given Side be 14 Inches long; then, as 
: 1,53884176::14: 21,543784 = the Radius of the inſcrib'd 


Circle, 3 and 14X 5 = 70 is half the Sum of its Sides, Laſtly, 
214543784 X 70 = 1508,00488 the Area required. 


B ifthly, For a Dodecagon. 


| The Side of any regular Dodecagon (viz. a Polygon of twelve equal 
Sides) is in Proportion to the Radius of 


" 2s 1 Flor Circle, as 1: to 1,9318166, &c. 
Inſcrib'd Circle as I : to 1,86632012, &c. 

Viz. 154. CA: $4 : 1,03185165 

t , 86632012 


| Demonffration. 
Let b=B A=1 . a=CA as before 
Ande=3x4; then a —e = Cx 


— — —UQ— — — 


1 

2 
| 3 2 aa 
: 3| 4jbb—+ aa =ee 
mm +5 %% i ee 
** 64a —4 aa = aa — 2ae + ee 
| IZ. OCB— oO Bx= O Cx. Ie 


„ 2 72497 bb — 7 aa = 2ae 

4 — 718 bb — 1 40 — 24 V Ua = te — 240 i 
Ts. 8 9a — aa=aa ＋˙ 5 — 4 44 — 22 i. 

+ 1022 J — 4 43 3 ; 

o ©&f |11]|4bbaa — aaa =b+- ö : 
11 + | . 1 72 

13, C 013 aaaa — 4bbaa 4- 45 — 3Þ =} Fam 

1 u 144 — 2bb = 32 1,7320508 . 

14 ＋ 2560154 = 2bb ＋ 3= 3,73205080 

15 W 160 = e 65 , | 

Again 174 CP. via. U CF— oO PF=o CP 

17, Hence 1 Yi Ae ts. ee QE.D. 


a * 
as " ” 0 YM 


, ; . . __— 0 
1 1 N K * 
— — * 2 n 
L S U 
* 
* 


T WS, 


Hage, if the Side of any-repuler Dodecagen be given, the Re- 
abus of its inſcrib'd Circle may be eaſily obtain'd, and thence the 
Area found ; as in the laſt Problem. - | | 


* 


The Work of the foregoing Pohgons, being well conſider'd, 

will help the young Geameter to raiſe the like Proportions for others, 

if his Curioſity requires them: And not only fo, but they will ak 

ſo help to form a true Idea of a Circle's Periphery and Area, ac- 

cording to the Method which I ſhall lay down in the next Chap- 
ter for finding them both. KA £ 


e 


CHAP. VI. 


A new and eaſy Method of finding the Circle*s Periphery 
and Area to any aſſign'd Exaftneſs (cor Number of Figures) © 
by one AEquation only. Alſo a new and facile Way of 

3 making Natural Digns and Tangents. bs 

L E T us ſuppoſe (what is very eaſy to concerve ) the Circle's Area 
to be campos'd or made up of a vaſt Number of plain Jſoſceles 

Triangles, having their. acutefi Angles all meeting in the Circles 

Center. And let us imagine the Baſes of thoſe Triangles ſo very 

mall, that their Sides and their Perpendicular Heights, viz. the 

 Radins's of their circumſcrib'd and inſcrid'd Circles (vide Problem 

6.) max become ſo very near in Length to each other, as that they 

may be taken one for another without any ſenſible Error: Then 

will the Peripberies of their circumſcribing and inſcribed Circles 
become (alths* not co-incident, yet) ſo very near to each other, as 
that either of them may be indifferently taken for one and the 


But bo to find out the Sides of a Polygon (viz. the Baſes of thoſe 
Iſoſceles Triangle) to ſuch a convenient Smallneſs as may be neceſ- 
fary to determine and ſettle the Proportion betwixt a Circle's Dia- 
meter and its Periphery (to any.a/ſign'd Exatineſs) bath hitherto been 
a Work which requir'd. great Care and much Time in its Perfor- 
tance; as may eaſily be conceiv'd from the Nature of the Methad 
us'd by all thoſe who have made any conſiderable Progreſs in 
it, viz. "Archimedes, Snellius, Hugenius, Maætius, Van Culen, &c. 
Theſe proceeded with the biſecting of an Arch, and found the Value 
of its Chord to a convenient Number of Figures at every ſingle 


ts I 2 


348 Elements 8 


Biſection, repea NG ate Operations until they had — 1 to 
the Chord Abend. 


And this Method is made choice of by the learned Dr. Vallis in 
bis Treatiſe of Agebra; wherein, after he hath given us a large 
Account of the different Enquiries made by ſeveral (u eminent 
in Mathematical Sciences) in order to find out ſome 1 and more 
expeditious Way of approaching to the Circle's Periphery, as in 
- . Chop. 82, 84, 85, 86, and ſeveral other Places, he comes to * 
Reſult, (Page 321. 

Au true, ſaith he, we might in like Manner proceed dy con- 

4 tinual Triſection, Quinquiſeion, or other Section, if we had 
© for theſe as convenient Methods of Operation as we have for 
% BiſeCtion ; But becauſe Euclid ſhews how to biſect an Arch 


«© Geomatrically, but not to triſect, &c. and the one may be 
done (Algebraically) by reſolving a Quadratick Aquation, but 
not thoſe other, without Æmquations of a higher Compoſition, I 
< therefore make Choice of a continual Biſection, We. 
W 


Tue Sabtenſe of :; 8 6 


of : 2—v/ into 12 
r een 2+v/3&c. 24 
. of & Ty. wy 2—V:2+4/:24+v/ 3] 48 
offs | 4:2 v:2+v:2+v:24V 9 


&. 22: 24 V 2＋ V 2-2? 5 192 
v:2—v:2+v/:2+v:2+4/:2+v:2+v3] 38. 
: * 2 2: 1 ee Th TARA | i 


vis as Serge , thee 
rer thoſe, 
bete therein, or ot Pei will Fo enter the Trap. of 


making Trial. 

Again, in Page 347, the Decker inſerts a particular Method 
propos d by Libutius, publiſh'd in the Ada E ra at Leipfick, 
— the Month of February 1682, in order to find the Circle's Area, 
and conſequentiy its Periphery, which is this: | 
: i — AA : bee. 

infinitely : : ſo is the Square of the Diameter to the Cincle's N Area, 5 
1 convergeth ſo very lowly, that it is not worth the Time 
to SS 

I ſhall here propoſe a new Method of my own, whereby « the | 
_ Cirdle 8 Periphery, and conſequently its Area, may be obtain'd 

* infigite- 


b complicated Extrac- 


either have had Ex- 


infinitely near the Truth, a greater Faſe a 3 Expedition 
than either that of Biſectian, or that of Libnithe as above, or any 
other Method that I have yet ſeen; it being x perforny' by db Poe 
only one Zquation, deduced by an eaſy P TOY 
of a Circle, * | 


The Radius of every Cirde is equal an the Chord one n 
its Periphery. That is, FD = D H= ord on 7 of ons 


third Part of the bembisel, are each — ibn 
if the Arch A D be triſeQed, it * 


will be AB=BZ = 22. 


e 
Let i 


7 
5 


TIEN a Fr | 
And| 2 R:8a: 41 c- 22 14 


That is, in: BY n e 
For AFB, and a B Ae, are alike. 
Ws 1 [And AB= A. = = ; 
| 2 9% a 4 n hid 
 5|3R'a—aaa=RR:. That is, — ls 
Here a = the Chord of xy Part of the Circle. 
$1 For 3 of ; =r5 | | by 3 
Wr Ry PR 9 18 N — — 


Next, To wiſe the Arch AB, 


11 — = the laſt Chord. 
@4 |2 ee e oe i 
= 2] 4% 2 += — 
— | — JOY 27) — a = 9 2 
1 | Here 5 = the Chor 2 ox Part of the Circle, | 


— — at. a 


Fo Te jt the Ach whoa yi th Cord. 


- 


30 — 4 = | 
-es Fiege. + 150% . | 
1 0 CE. 


1 21870 — 50 ＋ 351034 — 3555 + 
«| 54 = ih? 
* ee * 
3 * 612366" * ag 
9 27a — ga? = 
30 7 810— 810% 1 270 3000 3050 
27 85656 — 10935% + 72900? Den 
EA Tr 40 % + 274'5 = 275 $ 
19683 — 459270? + $5927" 
255154" + 8505 = gy/ 
Fraps + 737145 — 3088867 « | 


: 


lx xxx? Q' 
wo} 
ON 


— 
; = 
I +. 
* 
. - 
2 - 2 
bt 
* 3 
— | * ** 
-" * 
1 * 
= 
as | 
= 
: 1 


: 


o w/w ww 


7293047 — 107406a"'t + 
1046524 — 6976845 | 
Here a = the Chord of E Part of the Circle. 


— — 


.- _— 
_Y _ MY 
Ww=— H 

1 


1 


1— on in this Method of y eriſeAing the Arch 
of every new Chord and ſtill connecting the produced #quations 
into one, as in the two laft Triſectians, wil not be difficult to ob- 

tain the Chord of any aſſign'd Arch, how ſmall ſoever it be. 

Now, in order to * a the Work of railing theſe Equations 
to any conſiderable Height, 'twill be convenient to add a ſe uſe- 
ful Obſervations concerning their Nature, and of ſuch ContraQi- 
ons as may be ſafely made in them; which, th well AI 

. * 


1. Thave obſerv'/d, that every Tit on will gain or . 
Figure in the Cirelès Periphery, but no_more. Therefore ſo many 
| Places of Figures as are at firſt defign'd to be perfect in the Periphery, 
fo many Triſections muſt be repeated to raiſe an — that will 
produce a Chord anfwerable to that Defign. 


2, I have alſo found, nn (of x) buf In- 
dices are greater than the Number of Triſections, (viz. whoſe Indices 


. * r- 
OOO * 


ws When mee the Number sf TrifeBions and thenle the high 
Power (of a) is determin'd. the third Proceſs (viz. the third 


Triſection) may be made 4 conflant L 
Mutilati » * all 2 . Triſections 2 8 ny ne 


a. bs „ 
i Tome +» F pe 4 ad * 2 
* * - 3 p * * 5 

* . * 0 b 


1 


- by 9 r 


5 agg 2 and colleBing the — of the — fon 
( 7 a) "twill be fuffi-ient to retain only ſo many ſignificant Figures (at 
400 as there is defien'd to be Places of Figures in the Periphery (or at 
moſt but two more ) and every ſucceeding /uperior Power may be allou/d 
to decreaſe two Places of fignificant Figures But herein great Care 
muſt be taken to ſupply the Places of thiſe Figures that are omitted, with 
Cyphers, that ſo the whole and exatt Number of Places may be truly 
| au; otherwiſe all the Work will be erroneous. | 


New the Number of theſe fyp Cyphers may 
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denoted by Figures placed within a — a: 576 55 " 


may fignify 57 60000000083, as in the following Equations. 
like may be done with Decimal Parts, thus: 470658 may ſignify 
2 58 Kc. which will be found very uſeful in the Solution of 
theſe and the like Equations. 

The aforeſaid — may be ſafely made, becauſe both the 
ſuperior Powers of a, which are rejected; as alſo thoſe Numbers 
that are omitted in the Co-efficients (and ſupply'd with Cyphers) 
would produce Figures ſo very remote from Unity, as that = 
would not affect the Chord defign'd ; that is, they would not affect 
the Chord in that Place wherein the defign'd Per ipbery is concern- 
ed; as will in Part appear in the following Example. 

It theſe Directions be carefully minded, twill be eaſy to raiſe an 
Aquation that will produce the Side of a regular Polygon, whoſe 
Number of Sides ſhall be vaſtly numerous, conſequently infinitely 
ſmall: But, I preſume, *twill be ſufficient for an Example to find 
the Side of a Polygon conſiſting of 258280326 equal Sides; that is, 
if I find the Chord of 55553575575 Part of the Circle's Periphery, 
and that requires but foxteen Triſections, which being order d, as be- 
| fore directed, will produce this Equation, 


% 


430467219—332360179486968612(4)a | 
+7698376531997 14(20Jo—8 491218 532841035 f 
Þ+54533331 143(50)a%—230083348(66)a" 2 
4 ＋830988(% — 150% % 


Here the Valve of @ will have 23 — of Flaws true; chat . 
is, the Sides of the in/crib'd and circumſcribd Polygons will be exactly 
the ſame to 23 Places of Decimal Parts, but no farther; all which 
may be eafily obtain'd at two Operations, And for the firſt, *twill 
be ſufficient to take only three Terms of the Equation, which wilt 

admit of being yet farther contracted; thus; _ 


Let 
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4304672 1 
_ T10983705(27)e' 
And let r. = = 4 3 then r 7 
by 1 above eee, 
it will be - zrre / 3ree ece = aaa 
And ri+ 3 1Oriee + Iorreee == af 
Then the firſt ſingle Value of er may be thus found: 
43046721) 1,00000000 (, ooo =r 
is ,00000002 r being duly involv'd, and its Powers mul- 
tiply'd into their reſpective Co efficients, will produce 
Tb g 041. }- ; 


—=,02058881— 3988 3220—199416{9)ca=—3324{18)ee 
+,00024635+ G61587e4- bi5g(g)-e+ 308(18)eer 


viz.,83459196+39119986e—193257(9)ee=3016(18)ere =t 
Heace39119986e— 193257 (9)ee— 3026078) ee , 16540804 


All the Terms of this laſt Zquation being divided by 193257 (9) 
the Coefficient of ee, it will then become n 


31 e- e eee 


i | ,0000002024) ,0000000000000008; 68968 (000000004 = 2 
0 III = 156 __ 


1 Ds. ,000000198) | * (,060000004327 | 

1 Di., oe 792 
6489 5 I 
5943 

4 cabe 
Firſt » = ,00000062 © "3962 
＋ & = ,000000024327 = &. av —— 
e 
New, if this firft Falus ifs a = ,000000024 327 were not — 


eu to more 1 of Figures by a ſecond Operation, but only multiply d 
into the Number of Chords. vis. ,000000024 327 X 258280326 

== 6,28318539, &c. the Periphery of that Circle whoſe Diameter is 

2 nearer than either Archimedes, or Mcxtius's Proportion: For 
6 At- 


en ED 


tius makes it 6,28318584 &c. viz. As 113 to 355. 
But if the whole Aquation before propos d be now taken, and 


we proceed to a ſecond Operation, the Value of @ may be encreas'd 


with twelve Places of Figures more, and thoſe may be obtain'd by 
plain Droifion only, 


Thus, let Te = a, 5 and let all the Powers of + be 


now rejected as inſignificant; 


| r 88 I "49 I e = a 
WT aa | 3 * = a3 1711 1171 a1! 
2 33 5 + 13% =a7 
* ＋ ire = * + th as 


The en Powers of r = ,000000024.327 being rais'd, ad 4 
28 into their reſpective Co. efficients, will Ron theſe fol- 


lowing Numbers. 
+1,047197 581767 4 430467217 
„4784919652839 4865 — 59007510 
+ „ooo65 5906484595355 + 134810 
— 0000428 1440413 — ͤ n 
+ ,000000016302517864 + 1 — 
L ,000000000040631167 — oe | 
2 ,00000000000007 I 388 + oe | 
— ,00000000000000009 3, — doe 


Fiz. T,o00000026474745106 + 37279554. = 1 


Hence 37279554 = —,000000026474745106 = D: Or 


rather —-37279554 = — =D 
— 
tel 1 572795560 


Operation. 


37279554) oooo0enb47h7arhon 675) 10167967 =—e 


260956878 


—— 


1 
37279554 _ + 


62617660 
. 
&. 


2 2 L.aſt 


—— 0 n : v d y 
ö N _ 4 yr 1 * * 28 Cy * 3 rn 7 " , 3 "7, "TWP 
- an ' 1 * * FIT, * * 4 4 * A n N N — * $4 II? 7 * 9 a "A F * 4 7 * 07 wing a * ** w [I * 4 - 7 * 4 No —"-" 
I 2 1 7 1 25 * ro e . = 4 * 
: "M 1 T 
. wo 
? g © 
\ # 
2 
* 
* 
* 4 
= 
” 
S {4% 
wg 


| . rr VIZ. 7 Te- 


1 
3 
8 


the Radius B C=1 as before. Then 


* | CEC i 


"Laft r= - 000000084327 | _ 27; .F 
— 2 ,0000000000000007 ronbjaby” 


e = ,000000024 2: 999289832033 = = a the Chord « or 
Side of the Pohgen required. 


The next Work will be to examine how many Places of theſe 
Figures will hold true to the Circle's Periphery : In order to that 
Ms a be repreſented by the Chord B b, in the annexed * 
and let Bx==xb. Then will Bx == 
a= (,7)121634996449160r65 and 
BC -U BI U Cx. Let 


will the / L RN = Cx= 
99999999 9999999» &c. 
Bu 14 


tCx:x 

or C x: Bb:: C4: Dd $9 Fr. 
Ergo Dd = (,7)243269992898320354 
the Side of the Circumſcribing Polygon. 
Then will a Xx 258280326 be the Pe- 
rimeter of the Inſcribd Polygon. And 
Dd x 258280326 will be the 8 of the Circumſcribing Po- 
Hen. That is, 6, 283185 3071795859 = the Perimeter of the 
| InſcriÞ d Polygon, And, 6 85283185 307 1795865 = the Perimeter 


of the C ns Pobgon. 


Hence * tis evident, that the Circle's Periphery, whoſe Diameter 

is 2, may be concluded 6,2831853071795864 true, becauſe the = 

_ Perimeters of the inſcrib'd and circumſcrib'd Polgons are ſo far very 
near being Co- incident, or the ſame, 

Tis poffible there may be ſome who will think this is tedious 
and troubleſome Work ; but if thoſe pleaſe to conſider, that, if 
this Periphery were to be found by the aforeſaid Method of Biſeftion, 
it would require theſe following E. xtratHons, 


1 2 2＋ν.: 24% 2 +vV:: WR TINY 2 


+/:2+v:2+/:2+v:24v/:2+v:2+v:2 
+vV:2+v:2+v:24v:2+v:2+v:2+:2_ 
| +: 2+v:2+v:2+#/:;2+y: at 3 * 
U into ne 


Here the firſt Root (viz. / 3 muſt be extrafted at "REM 
one hundred and two Places of Figures. The ſecond 2 
viz 
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(viz. : "2+ * Yo muſt have qq Places of Figures i in it, The 
third Root (uz.  : 2 - : 2 +v/ 3) muſt bave 96 Places in 
it, Ac. every Extractim being allow'd to decreaſe three Places, that 
the laſt Root (viz. the as Jugs) may conſiſt of 2 Places of 
Figures, as above. 

- I fay, whoever duly conſiders the Trouble of theſe ſo oſten re- 
peated Extractiuns will, I preſume, be pleaſed with what I have 
done. For truly, when I conſider the great Time and Care re- 
quired in them, I cannot but admire at the Patience of the labo- 
rious Van Culen, who proceeded that Way until he had found 
the Circles Periphery to Thirty-ſix Places of Figures, to wit, 
6,28318530717958647692528676655900576. Theſe Numbers 
ere ſaid to be engraven upon his Tomb Stone in St. Peter s Church in 

Leyden, fer a Memorial of ſo great a Work, 


_ Having thus obtain'd the Circles Peridbery, i its Arch may eaſily 
be ot (ta the ſame Number of Figures) by Problem 6. That i is, 
if Half the Peri of any Circle be multiph'd into Half its Dia- 
meter, the Product will be that Circle's Area, as will appear farther 
on. 1 3,141592653589793 will be the Area of the Cir- 
cle whole, Diameter | is 2. 


Thus I have ſhew'd the young Geometer how to find the Circle's 
| Periphery and Area to what Exactneſs he pleaſes to approach; for 
preciſely true it cannot be found, notwithſtanding the late Preten- 
ions of a certain Frenchman who hath publiſh'd to the World (in 
the Works of the Learned) that after twenty-five Years Study he 

had found the Quadrature of the Circle: But if he had perus'd the 
83d Chapter of Dr. Malliss Algebra, he might there have ſeen bis 
Error, wuz. the J of what he pretended to; for it is as 


impoſſible to ſquare the Circle (that it, to * its true Fwy as it is 


to find the Root of a Surd Number. 


| Nate, What I have here propos d and done by the Triſecton of 
an Arch, may as eaſily and much more ſpeedily be perform'd by 
or Septiſection, Cc. But becauſe the Scheme for 
Triſection is more fimple, and may be eaſier underſtood by a 
| Learner than thoſe of the other Sections (of which ſee my —— 
dium of Algebra, Pages 76 and 79) I have for that Reaſon made 
Choice of Triſection. 


As to the Proportion of one Circle to another, and of the Circle 
to.the. Rliphs, &e. thoſe ſhall be fully ſhew'd when we come to 
the Gd Pure, 

22 Befofe 
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| | - FT a 
356 Demente of .. — Part um. 
Before I conclude this Part, I ſhall make ſome Uſe or Hoplication 


of the above-found Periphery, in finding the of Angles, 
which is done by the Help of Rigbt· lines, call'd Simes and Tangents, 
the Length whereof are calculated to every and Minute of 


2 Quadrant, by much Labour. But I ſhall here ſhew how to find 
the natural Sine (and conſequently the natural Tangent) of any pro- 
pos'd Arch or Angle, by two Equations, without the Help of any 
precedent Sine, as uſual ; ! which I did ſome Years ago communicate 
to the ingenious Mr. Feſeph Ralphſon, and he ſo well. approv'd of 
them as to make them the 20th and 21ſt Problems | in the — 
Edition of his Analfis Aquationum Univer ſalis. 

And becauſe, in — the Quantity of Angles, every Cirit | is 
 foppoe'd to be divided into 360 equal Parts, called Degrees; every 
Dre is ſubdivided into 60 Parts, call'd Minutes; and every Mi- 

nute into 60 Seconds. &c. (See Page 294.) | 
| Therefore 360) 6,28 1853 &c. (0,01 74532925 &c. is an 
Arch of the above- found Peridbery iphery, equal to the Arch of one Degree. 

And 60) „0174532925 &c. (0,0002908882 &c. =- "the 
Arch of one Minute. 

Then if the given Arch (or Angle) be leſs than 45 N 6 
duce it into Minutes, and multiply thoſe Minutes into this conſtant 
Multiplicator, viz, 0,0002908882 calling the Produ# p. And for 
the Sine ſought put a, Then it will be — aaaa '*: PEN 195 


Vi I? ＋ 240 = 45þp. 
Example. 


5 Let it be required to find the Sine of 19* 13 2 1163. Here 
o, ooo2 908882 X — 925 p. And — 4 + 
440247290) — 1 2989998988 $0020 Rf: 
2 
| (rr ＋ are ＋ ee 2 43 
Tben e 
i ; 2 my E bobbed org | 
ote, In this Caſe rr equi the 
Figure in the Produtt p. Viz. here r = 0,3 which pt 
as its ow” 7 and thoſe Peers multiphy'd into the Teſpeftive 
C- ation; it will le * 


PF oh br Þ 80,49. 7 Bhs. 1 


g — 17,9144 — 11,4 — 199,05ee 
I $1086 +. 1,8. + 3,62ee 


— $,06201 394 
ihr — 0,0081 — 0.11 — „%% I wa: 


er 038A 
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* 6,344 — 37. Ve — 195, 0e e 
| Hence 


being i 5 | 


| — — 
FE 6 ora Tn" periphery: &. 357 


Hence 37,97 + 195,97% ="1,27239 
And o, 123. To (= 0,000492 = =D 


- Theorem J gg 


Operation, 0,193) 0,000492 (0,029 = „% 
= 029 ' 48... 


1. Droiſor „2 2292 
2. Diviſor 4222 — | „„ 
Firſt 7 = 0.3 1 241 5 
Fe= 0 = 0,029 | 5 | 
r + 8 = 0,329 =r for c ſecond Operation: 


Which being mvlkvd W &c. as before, will fe- 
duce theſe Numbers. ; 


+ 26,48271781 + 8$0,49458e 

— 2154832893 — 130, 97404 — 190, o49 Ge 
+ o, 14332578 + 1, 30692 + 3, 0 24 
— o, 01171611 — 0, 14244 — 0, 6494 


Ps. 5,06899854 — 49,3158 — 195,7266ee = 5.56201 304 


Hence erected 195,7 266ece = 0069846 ; which being 
divided by 195, 7266 the Co-efficient of ee, will become 25 — 


+ ee = 6 = Ti 
Fee nk 
Operation. | 6.25196) ,0000356854 (9,0001415=e 
T. = 0,00014 2520 
1. Diviſer 0,2520 | 104854 
2. j. Divifo 025200 100840 


170740 
1 . 25210 
Laſt r = 0,329 „ 

+ = ©,0001415 | = 
1. 2422 0,3291475 being the natural Sin af ger 8 7. 
3 

"LEW: may find the Right Sine of any labor dngl les than 
45 * * 


% 4 , 
** f © 54s N 7 7 
, 4 * = 4 


358 — ey . 


But, if the © given Arch be greater than 45 Degrees, you muſt 
s vs, ſubtra it from 90 Degrees, 

and reduce the Remainder into Minutes, as before. Then multiply 
the Square of theſe Minutes, into this conftant Afultiplicator, 


0,000000084616 yg An Praduct p, and putting a = the 


Sine ſaught; as before will 1 280? I 
PF IRONS REA TRE DEE + 9840 36 paa 
Example. ; 


Suppoſe it were —_ to find the Sine of 15" 3 32. or (which 
is the fame Thing) to find the C- fine of 14. 28. = 868, — 
Square 753424 * 6,000000084616 = = 0,0637 5172518 = p. 
Hence the Agustiam in Numbers will - 990-5” eee 
29500288 - — 21, 114814 = 190, 8361 102588. 


Let r —e=a. | Abdr=1 
22 — — We 
Then 1 


rrrr — 4rrre ＋ brree = acaa 


+ at, I hers tale r =1 becauſe the Arch i ſon ioo. and . 
. 24 5 


28, 0000 — 84. ooe + 142 
| 1. 000 — _ 4.00 + * G, ooee 
Vis. 205,7808 — — 461,48e + 287, 296 = 1908361 
Hence 401, 48 — 287, 206 = 1443447 nts, 
And 1, 600 — a = ,049939= D * 545 


Theorem | - 


e 21,1148 + 21,1174 i Rh 


06 


Operation. 1,606) , 49930 (9,031 = e 
| —e= 0,031 471; . 
x. Diviſer 1,57 2830 Firſtr = 1 
2. bag 4d 1 _y r —— 27 2 , 0 
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+ n I 
— 3 + 2777 1481. | | | 4 
+ f — 382, 35783. 7 TY 51% 4 
8.3816 89852 — 78,877 ＋ 81, 59605, 
81647750 — 3.63941 + $,0337ee 
Viz. 191, _ 1515 — 443, 75515 + 9 
= 190, 836110259 
Hence it will be 443,755 1 ee = 0,31 3541256 | 


And 1,55963e — ee A erierz 12 9 
255585 
Operation. 1.35963 o, 011019821 (0,0007068=+ 
— — 109123 
1. Diviſor 155589 | 2075210 
6 Divifor 1555893 235352, N 
1398 5 20 4 


1247144 &c. 
— 2 =o + — 


r —e=a=0,9682932 the Sine of 75% * a8 Was required. 


Having found the Sine and Co-fine of any Arch, the Tangent is 
uſually found by this Proportion ; 


Vi {4 oye fp heb: is to the Sine of that Arch : : fois 
the Radius: to the Tangent of the ſame Arch, 


For ſuppoſing B C = B D Radius, 4⁰ the Sine of the Arch 
CD. Then B A is the Ce f and f F 


F D the Tangent of the ſame Arch. 
But B A: CA:: BD: FD, &c. 
Now by this Proportion there is re- 
quired to be given both the Sine and 
Co- ſine of the Arch, to find the Tan- „ 

gent. Tis true, if the Radius, and — ADIOENES 79 
either the Sine or the Co-ſinebe given, B | 4 
the other may be found, thus, U 5 FCA S= BA. Or 
 Q BC— 0 BA=CA. But, if either the Sine or Co. ſine be given, 

| 3 may 0 n be more eaſily found by the following 

ems, | 


Let 
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9 * * * * 
as EE 5 il. 
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Let the Sine of go? . 3. (before fund) be given, 1 viz. 0,3291415 
=, to find T the 4 of the ſame Arch. Firſt o, 3291415 
$3291415 = 0,108334127 = $8. Again 1 — 0,108334127 
= 0,891665873= 1 — 88. Then o, 891665873) ende 
(0. 121496325 3 and / o, 121496325 3 = 0, 3485632 
Tangent, of 10 1. As was required. And fo you may proceed 
to find 12 the Tangent, when x = the Co- ſine is given. 


Perhaps it may here be expefted, that I ſhould have ſhew'd and 
dninfrated (or at leaft have inſerted) the Proportions from whence | 
the foregoing Aquations for making Sines were produced; but I 

have omitted that, as alſo their Uſe in computing the Sides and An- 
les of plain Trienles by the Pen only (viz. without the Help of Tables) 
for the Subject of my Diſcourſe — if Health and Time permit. 
Ilsa the mean Time, what is here done may ſuffice to ſhew, that 
the making of Sines by ſuch a laborious and operoſe Way, as was 
formerly uſed, is in a great Meaſure overcome; which, I think, 
1 may juſtly claim as my own. 
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0 H AP. 1 
Defuithons of a Cone, and ts Sedions. 


Learned Dr. Barrow, upon Euclid, hatli it thus: 


A Cone (ſaith he is a Figure made when one Side of 


„a Rectangled Triangle, (viz. one of thoſe Sides that contain the 
Right Angle) remaining fix d, the Triangle is turn'd 1 
about, till it return to the Place from whence it firſt mov 

« And if the fix'd Ri ght Line be 


* taineth the Right Angle, then the Cone is a Rectangled Cone; 


but ii it be les, 'tis an Obtuſe-angled Cone; if greater, an 


Acute angled Cone. The Ax: of a Cone is that fix'd Line 
about which the Triangle is mov'd : The Baſe of a Cone is the 


= Circle, which is deſcrib'd by the Right Line mov'd about.“ 


(Defin. 18, 19, 20. Huclid. 11.) 


Sir Fatas Moor, in his Treatiſe of Conical Sections (taken out of 


the Works of Adydorgizs) defines it thus: 
If a Line of ſuch I Length as ſhall be needful ſhall, upon a 
14 Point fix d above the Plain of a Circle, ſo move about the Cir- 


cle, until it return to the Point from whence the Motion be- 
*© gan, the Superficies that is made by ſuch a Line is cald a Co- 


d nical Superficies ; and the ſolid Figure contain'd within that Su- 


<< perficies aid the Circle is call'd a Cone. The Point remaining 


2 e darn" wa 


Aa 2 e Alibe 


equal to the other which 8 


\HERE are ſeveral Definitions given of a Conf. The | 


wo Ce 18 . | RT) * 

8 5 — "I; \ _ * = 7 * 
N 9 8 * 1 

1 - ou ng 


. 2 * * 42 "TI 1 * y * , - N N | 


ile Conſideration, may be pretty eaſily underſtood ; yet I ſhall here 
propoſe one yery different from either of them ; and, as I prefunts, 
more plain and intelligible, eſpecially to a Learner. 

If a Circle deſcrib'd upon ſtiff Paper (or any other 2 Mate 
ter) of what Bigneſs you pleaſe, be cut into u, three 


roll'd up, as that the Radii may exact meet each _ it will 
form a Conical Super ffcies. 5 1 
[Thar is, if the Sector HY be 
cut out of the Circle, and ſo roll d 
up as that the Radi V H and VG 
may juſt meet each other in all their | 
Parts, i it will form'a Cone, and the | 
Center / will become a Solid Point, | 
calb'd the FERTEX of the Cone 
the Radius V H, being every where 
equal, will be the Side of the Cone, 
and the Arch H G will become 
a Circle, whole Area is call d the 
Canes Baſe, 
A Right Line being nn 
from the Vertex, or Pant JV. to the Cen- 
ter of the Cone's Baſe, as at C, that Line 
| (viz. VC) will be the 4X18, or perpen- _ 
dicular. Height of the Cone. 
If a Valid be exactly made in ſuch a n 
Form, it will be a compleat or perfe&. 
Cane; which I ſhell all-along call Right 8 a2 
Cone, becauſe its Axis VC ſtands at Ae 
Angles with the Plain of its Baſe HG, 
nenn every where equal. 


a 8 whoſe Leis is not at Right Angles 
with by Plain of its Baſe, may be properly 
are 


| call'd an imperfe& Cone, becauſe its Sides 
| 2 22 m the. annexed Fi- 

gure.) Now, hy, i; Cone is uſual- 
| n . . | 


ane 


% : 4 A „ > l FR f r 
. 0 N As * * * . v * N =? | 
. \- N14 om . 5 8 5 L _— A y 21 * on. Mb ef 1 y 
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 Altho' both theſe Definitions are are equally true, and, with a lit- 


Sectors, either equal or unequal, and one of thoſe x hg be fo 


Any ſolid Cone may be cut by Plains "P 1 foal Ly 
$8, 


. re 


Ira Right Cone be cut direQly thro” its Aris, the Plain or g.. 
ficies of that Sectton will be a Nan Veſceles Tri iangle. as Hy 
Fig. 2, viz. the Sides (HV and V) of the Cone will be the 
Sides of the Triangle, the Diameter (HG) of the Cone's Baſe 
will be the Baſe of the Triangle, and (Fc) its Axis will be the 


3 Fre w the Triangle. 


$8. 2. 3 
If a Right take cut (a where) off by a Right-line paral- 
iel to its Baſe, as h g (it will be eaſy_ to Ely 9. that) the Plain 
of that Section will be a Circle, becauſe the Cone's Baſe is ſuch : 
wherein one Thing ought to be clearly underſtood, which may be 
laid down as a Lemma, to demonſtrate the Properties of the follow 
ing Sections 
"PN ( If any two Right Lies, inſerib'd within a Circle, do 
ent or erofs'each other (as hg doth b6 in the annexed 
Lemma. 4 Figure) the Rectangle made of the Segments of one 
| of - Lines will be equai to the Rectangle made of 
ts of 47 Segments of the l Line. * e 15. 
x Page 315. 


Th bbaxge 5 X25 SC. 
And HA x 75 wes 
— — 8 if B AT 
A B then it will be ba Kg = Oba, 
—— 6 
Q 


— n at —— 


$8. 3. 


If a Right Cone be (any tobere) cut off by a Right Line that cuts 

ao its Sides, but not parallel to its Baſe (as TS in the following 

gure) the Plain of that Section will be an Ellipſis (valgarly call 

2 a ax Oral) viz. an oblong or imperfe& Circle, which hath ſeve- 
tal Diameters, and two particular Centers: That is, 

1. Any Right Line that divides an Ellipfis into two equal Parts 
is cad 4 Diameter; amongſt which the longeſt and the foorteft are 
'diſtinguiſh'd from the reſt, as being of moſt getieral | 
. bie; the * are — applicable to particular. Gaſes. ” 
Aa a2 2 2. The 


* 


Tranſverſe Axis, being that Right Line” 
whey 5 0 wy ber _ of 
the or its | 
] ength. Ig | 


* 


3. The ſhorteſt Diameter, call'd the 
Conjugate Diameter, is a Right wry 
that doth interſet or croſs the 7 
vue Diameter at Right Angles, in the f. 
Middle or common Center of the E- 
fs (» Xx) pat 0 OY, 
Jos Breadth. 


= 4. 1— Prints which I call particular ters of an Bll 
b fe, or a Reaſon which ſhall be ſhew'd farther on) are two Points in 
tze Tranſverſe Diameter, at an equal ncecach Way from the 
"oy Fo Diameter, — calls Woes, Foct, or burn- 
* eins. 0 


5. All Right Lines within the Ellipfs that 8 to one a- 
of and can be divided into two equal Parts, are call'd Mrdi- 
nates wich ReſpeR to that Diameter which divides them: And if 
they are parallel to the Conjugate, viz. at Right Angles with. 51 
Tranſverſe Diameter, then they are call'd 2 rightly 
| And thoſe two that paſs through the Focr are remarkable 92 
the reſt, which, bi equal and fituated alike, are call d = 
one Name, . viz. Latus Rectum, or Right Parameter, n 
all the other Ordinates are regulated and valued; as as wilt appear far 


2 
8.3. 2 _— 
Was Cone be cut into two Parts by a Right-line parallel to 
one of its Sides (as $ A in the following $cheme) the Plain of that 
es (OW Sh B 4 B4$) is call da Parabel, 3 


A Right Line being drawn thro' the Middle of any Nr. 
(484) # all its Axis, or intercepted Diameter. 


2. All e be- Angle 
(e BB and bb are ſuppoſed te cut or cro yr pon, Ordi- 
nates rightly apphy'd (as in the * ) and the greateſt Ordinate, as 


$ which limits the Leng the Parole * 6 A) is u- 
dr Eee Pra, That 
3- 


D 


* 


ö the Focus, or, burning Point of the Fu- 1 


 Anis, . ff 
. diftant from the Yertex, or Top of 


1 Latus Nun; s ſhall be ſhewn. 


bo heh nigra ee 


Is Cone be any where cut by a 
ing continued thro one Side of the 


J, as at 
tion (vz. the Pigure S$)B BbS)is a 


| the Middle of any 


of it which is continued or produced 


* nn. * 
wn N ” 4 9 F 
- 8. » 4 
= 3 


a 


dun 3 . 


— — 
3. ThayOrdinate which paſies thro? EE 


rabola, is call'd the Latus Rectum, or 


the Section, (viz. from 8) juſt + part 


on. 


. All Right Lines drawn 1 Parakola 3 
as call Diameters ; and every Right Line, that any of thoſe Dia- 
meters doth biſect or cut into two equal Parts, is Gid to be an Gx. 


8.8. 5. 


ag, Li 
its Alis, {as 8.4, or otherwiſe ar x N) fo 


Cone (as at & or x) will meet with 

the other Side of the Cone if it be con- 
tinued or iced beyond the Vertex 

3 then the Plain of that Sec *- 


call'd an 
1. A 


be Line being drawn thro #*; 
within the Section, (as & , 2 ff be | 
is call'd the A or intercepted Di. 
meter as inthe Parabela) and that Part 


out of the Section, until ic meet with Al. yl 


the other Side of the Cone continued, *. © A) or Y 


viz, TS or T'x, &c. iscall'd the Tranſ- N 
"2. All Right Lines that an den fin an. Hyper 


eee e 
o * : - 
_ * 


* 
en 3 b - 
d 
= 
1 


- 
4 


T_T TOS o 0 E 3 * % 2. —_— # * * % ” WW A a. 
W e . AN 0 = » on F 7 : 5 . 7 N 
- 2 ** Wy » 1 * : = . P 
= 7 = = By 
* 1 5 * * if 1 
vi : 8 ; 
44 - » 
- ” 
= 
= - = 
. 
„That \Ordrnate 


. vos widely cata; = wil 
- Theſe five Sections, vix. the Triangle, Circle, Ea, Parabols, 
I and Fhperbola, are all the Plains that can poſſibly be produced from 
3 | a doth by the ancient and modern Gu. e ehen, 2 


1 ; * 1 


| ; * 
933 7 * i 
* 7 - » a ' ”- y e * 
, ö f * 
. . ; 1 : 
xz * *. = 5 


; 4 | the * | 1 l pu . 3 : 
Wen of Obſervation, how one Section may (er rather doth) = 


1 3 
a Sit being that Plain of any Section of the Coue which 
ie betwetn the Grell and — — eaſy do conceive that 
were may be great Variety of Fiir produced from the fame 
Dee; and-when the Section come de be-exattly parallel to one | 
E - - Side of the Cone, then doth the Zllipſir change or degenerate into 
Side of the Cone, cannot vity, as the 
begins to move out of that Po- 
Side) it degenerates ei- 
That is, if the 


— ITN, e 1 W. 4 7 . 
A 1 a e 112 * * 
T — 
x * 4 (ng * 2 1 ry * 5 4 er -_ 4 % of * 
9 — 1 - — 4 N : . 1 1 * 4 
* a 
wy *. 
4 4 


a 


4 4 . : " may | 4 "he + OR OS P 75 3 
Taͤoo be brief, a Circle may change inte an Zllipfe; dhe £ 
1 - 8 2 74 the E 
into 4 H bz, and Hyper 


v1 7 * CI = a 
K » #+ 1 16 1 
- 1 * * | = 
IT * 


S 


? 


- 3 ak. eta rt 
. A WS p > * 


| \ 
viſhs, and the remaining Fee goes along with the ene when: 
it degenerates into an "when the HMperbola degene- 
rates into a plain /o/celes Triangle, this Focus decomes the-wertical 
Point of the Triangle (vis. the Vertex of the Cone); ſo that ths 
Center, of the Cone's Baſe may be truly Rid to paſs ually thro? - 
all the Sections, until it arrives at the Yertex of Cone, fill 


N Eo with-it : For the Diameter. of K 
Þ ing that Right Line which paſſes thro” its Center or — 


and by which all other Rithe Lines drawn within. the Circle are 
regulated and valued, may (I preſume) be properly called the Cir- 
cles Latus Reftum: And altho' it loſes the Name of Diameter 
| when the Circle degenerates. into an Ellipfis, yet it retains the. 
Name of Latus Rectum, with its firſt Properties, in all the Secti- 
ons, gradually ſhortening as the Focus carries it along from one. 
Section to another, until at laſt it and the Focus become co- incij- 
dent, and terminate in the Vertex of the Cone. 
I have been more particular and fuller in theſe Definitions than 
is uſual in Books of this Subject, which I. hope is no Fault, but 
will prove of Uſe, eſpecially to a Learner : And altho' they may 
3 ſeem alittle ſtrange, and e 
yet, when they are well conſider d, and compat d wi 
cut into ſuch Sections as have been defined, 3 


found true, but will 2 to form a true and 
each Section. 


. 
Concerning the Chief Properties of an Elllipſts, 


NG If the tranſverſe Diameter of an Ellipſis, as 7 S in the 

Sho Figure, be inter ſected or divided into any two Parts 
Pu: rightly apply'd, as at the Points A, C, a, &c, then 
— ; the Parts TA, TC, Ta, and SA, SC, & a, &c. uſualhy called: 
Abſciſſæ {which fignifies Lines or Parts cut off) and by the Rectan- 
gle of ary two Abſciſſæ is meant the Reftangle 2 Parts as, 
being added together, will be equal to the Tranfoerſe Diamet er. 


| As T4+84= TS. And dog oe 


Sci 


ASCE vill be alike. 


| , . — * a 
r 9 N * | 
- 8 - 
* 
= 
pay 
— 14 2 


2 [ 5 * r 5 "I. MO oy a Fe aud * IF FO * * . 9 * 4 N 
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* * Ls * 
/ | 9 2 * 
« * 
9 
% %.. * Fd - 
f : k 
* 2 . 
Ly \ - 
9 = 4 =y C4 : 


yy "cava ar” 
| . is prapertion'd, wal fuck Lines 6 ene 
are regulated, by the-Help of one general Theorem. 1 wit 


1 As the Ref? angle of any two Abſciſſee > ; t AY 
Theorem. of Half the Ordinate which divides FL 97 55 the 

| | angle of any other two Abſciſſæ: to the Square 
3 1 * 


| That is, 

is. 34: 75 * 1. 
TAxS 4:54: TCx SC: 9 
| eU: a Tax Sa: 


- 


1 cut throꝰ bot 
Ls Sides by the Right Line T'S; then FL If 44 22 
will the Plain of that SeQtion be an e 


will be FA 9 | 
| b- 5s be Ordinates 
rightly apply'd; as before. A 
if he Lines D dand Fi be get 
to the Cone's Baſe, they will be 
Diameters of Circles (by Se. 2. 
1.) Then will a TC Kand 
7a D be alike: Alſo, a5 ,ſꝗ __ $4840450, 


| [8 a: ads :8C: 012 
TG: * :Ta:aD 
Sax CI 2 
. 


$OXTOXeD. Per l 3. 
ber Lemma deen 2. > ot 
or CEXCh fes ke. wg 
* | e2XTaXANC=STCXSCX ba Per dum 5. 

—— : —— D NG. n | 


Or 


* EY 


Or the Truch of theſe — may 8 wa 
a Circle, without the Help of the Cone, thus: Let any 
be circumſcrib'd and insel with Circles, as in the 12 
Figure; then from any Point in the circumſcrib'd Circle's Peri- 
 phery, as - B, draw the Right Line B a, parallel to the ſemi- 
— Diameter Me, then will b a be a Semi-ordinate rightly. 
d to the tranſverſe Diameter 78 ; as before, Again, from 
the Point 5 (in the Elio Peridhery). draw the Right Line b4 
parallel to the Tranſverſe T 8; and draw the Radius BC. Then 
V 
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Jr "ak 4 13 — — I" & 


BC: Ba : 2 Tf: 4 ; . ba Be, * 
? per Theorem 13. TEE © 3 
CEC, NC=Cf © FAS 


217 ad AC n 
3FC: BA:: NC: 14 *+ 

4 FC: V:: Ba:ba 8 

| 5 

| 6 


OTC: DO NC:: (95 Ba: Q ba 
r Ba 
per Lem. Sect. 2. Ch. 1. 
Tax Sa: U:: I 

7 *αο D NC, a5 before. 


And lo for any other Abſeiſſa and their 8 


Theſe Proportions being found to be the true and common Pro- 
2 Elligfis, all that is farther requir'd in (or about} 
that Cerio ma may be eaſily deduced from them. . F 


nf 2. To find tbe Latus Rectum, or Right Parameter 
F any Ellipfs. 


dere 40 feverat Ways of finding the E SITY but J 
think none fo eaſy, and ſhews it fo plainly to be the Third 2222 | 
Te 2 in the Ellipfs, as the following. | 
: 4 the Filafverke Diameter : is in Proportion fo 
m. the Conjugate : : fois the Conjugate : tothe Latus 
Rectum. 


bd, mts EE Ds Nu :: Nx: LR the Latus Rectum 
vr .mAt _ "Demonſtration. 6 
2 . the laß Proportions take either of the 3 96 8 


. , or Ta x S: Ula, 
Bbb and 


10 Nn 


— 


9 _ * * * , NY N an by - . 2 "IP wal ah , 
> th) e 8 ASD nn . ns IL TR ö "0" * 8 2 ids & has * IE ** n 2s A 
j n fa \ R * | a n mn : 
* 3 \ 1 , 
- : * 
* , 
a 
- 
3. % f a 3 
\ 7 9 , 
1 y 37 4 = 
"4 
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* 
\- 


by which the other Ordinates may be regulated and found. There- 
fore . EB Chap. N is the true | 


the Square of 0 Half Jo 8 the ſquare Root 
Theorem. 12 45 Be r be * . e 
That * fuppoſing 


| S 


3 iT which fad + our Progr 
nal, and it will be = LR: 
Thus] 1|TCX8C:DONC::TS: LR 

TSTC=SC Nr 

and NC=Cn 

TCR SCS UTS 
ONC=:oNs- 
1D 78:10 N:TS:LR 
10 ER 


OTSXLR=D NaXTS 
TX LEON 
. which gives the fo Analogy 

TS:Nn::Nn:LR * 

1 QNC: . KS.: Obs 

by common Properties. 

I, 10111178: L R:: Ta KS: U. 


n tis evident that L R, thus found, is that Ogre * 


* * C 


. 


Latus Reftum. . 3 


Hence it hi that if the tranſverſe and conjugate Dia- 
meters of any Ellipfis are given (either in Lines or Numbers) the 


| Latus Rectum may be eaſily found ; and then any Ordinate, whoſe 
Diſtance from the Conjugate is given may be found; 4. | 


Saz. 3. © To find the Focus of any Ellipſis. 
" "V6 Mike is this ne of the Zo Hato ode the Ora 


jugate or Middle of the Ellipfts (vide Definition 4, Page 394.) and 


that Diſtance is always a Mean Prop between the half Sum 
and half 1 of the tranſverſe and conjugate Diarpeters, 


which gives this Theorem, | 
From the Squa re_of. bel balf the Tranſverſe fubtrat 


from the B60 or comes CI 


the Points 7 and Fo be the tae ker 1 
2 Nu. Ie TC 


viz. FCC F, and TC SAT. NG 


Y 


7. 


. 


; — ͤ ꝓ .—ᷣ —-— 
* ” 


Now from hike Oy that notable Propoſition, upon which 


'Demonfration. 
15 cr NC=OTC 

*. *12 by 8th of the laſt. 
- ets OCF+ONC=ONF 

Db a | by Theorem 11 

* 30 ONF=DOTC 

Mis P by Axiom 5. 

1 6 1 4 N 22 TE 

Again, | 5 TN: LR: Tes Lx, by 3 
Conſeq. 602 TW: 1 LR: : TF x FS: EF 


110/14 DO CF+ OO LF=OfL, for 2 CFF 
8 X 4 1140 TC—4O0CF=4TCxXLF 
10+11]11214 0 TCH OLF=4i,TCxXLF+ oOfL 
12 — [13/4 0 TC—4TCx 17 4 DOLIF=pfL 


— 2 . 


— 


. 


Demonſtration. 


TS8X LR N Ne, by 8 Step of the laſt Proces 
T8: 5 R::TFXSF:0 LF, common Properties. 
TS: RTC EF TTF OLIR=OLF 
10 125 x T35- 
1 oO Tc— oO CFx LR 
iLRxTS= OTC—QCF : 
1TS\%L R=3ONzgQ=NC T 
A NC= OTC— c We 
Oo CF= 375 he 


—— 


7 

. ; 

PAI : — 
———— 5 


is grounded the uſual Method of deſcribing an Ellipfis, and drawing 


of Tangents, * 
If from the two Foci of any Ellipſis there be 
Propotiion drawn two Right Lines, ſo as to meet each other 
m any Point of 2 Ellipſis's Periphery, the Sum 7 
Lethe Lines will be equal to the Tranſverſe. 
Viz. fNxNF= TS. fL+ LF= TS. „ 


Bat, I FG. Andi LR=LF 

Ergo A. ILZ:: TT + TP x 7D CF: ai 
1 ITCxXIP=OTC—D CF | 
But, 9 OFF TLF UI. by Theorem 11. 


B b b 2 N 13 


R * 9 PE a 
* 4 ty. "__ - | Clind \ T e # * * 
* 
— "a - 
7 
0 
. e „ | 4 
* 
. . 
2 
* 


12 w* 14 2 Te —LF=j * | 
14+LF|1i5]}2TC IT . 
" . | *. EEA BER 


And this — 8 l true to every Point 1 in the 
Flips Periphery, wiz. at B, &c. As will evidently appear to 
any one who rightly das. Thar, as a Thread juſt the Length 
of the Diameter of any Circle having its two Ends ty'd together, 
and then mov'd about a Point in the Center (vis. od making it @ 
dauble Radius) will, by drawing another Point in its Extremity, de- 
| ſcribe the Periphery of a Cirele; {vide Definition Page 280 — 6 

ſo, if a Thread juſt the Length of the tranſverſe Diameter (TS) 
having its two Ends fo fix d upon the two Foct ¶ f and F) that it 
may be mov'd about them, by drawing a Point in its Extremity 


— it will deſerts the trye Poriphry of un 


Now, altho' this eaſy Way of deſeriding, 0 or, as * phene's, 4 
drawing an Elligfs, be mechanical, and known en to moſt 
Famers, Carpenters, &c. yet it gives 2s compleat and clear an Idea 
of that Figure as any WY whatſoever ; and by deſcribing 
it thus about its two Hei, as a Circle is about its Center, doth plain- 
ly ſhew that thoſe two Paints are not improperly call'd particular 
Centers in Definztion 4, Se. 3, Chap. 1, for each of them bears 


| mach the ns Behelt as "tis BRYSs Becipdry, 220 
Center doth to its Periphery. 


Sect. 4. N ale or aue kite wort ij. 


| Thaw ain ſeveral (other) Ways of deſcribing an Elliphs, both 
Geometrically and Numerically, to 4 
D leaving the reſt to 
the Learner's Genius, Now, in ordet to that Work; it wilt be 


convenient to conſider what Lines are requiſite to limit 8 125 


its Form, which I take to nat theſe following. 


I. If the Treanfreths ud are given, the PING 
perfectly limited; (vide . me 363.) for if 78 and 
be ſer at Right Angler in their Middle at C, and T'C or CS be ſet 
off from N, or n, both Ways the Tranſverſe to F and F, (via. 
ma f NN. then will thoſe Points and Fe the 
p eee ee, eee 


* 


4 . 
wen. 2, 8 a, 
* 72 * 


"ol * 
* 


fc Ter 8 — given, — 
Eli is 2 limited, — by them the Conjugate may be 


1 U only che Tranſverſe, and the Proportion i it bath either 
I «i Rellum, be given, the Ellipfis is thexeby 
limited. As for Inftance ; ſuppoſe the given Ratio between the. 
Tranſverſe and Conjugate to be, a: to d: 


Viz. a:d:: 78: Nn, then LETS = Ne, be. 


4. If either the Tranſverſe of | Can 3 . 
tte Fucus from the See be given the Ellipſit is limited, de- 
cauſe by them the Conjugate or Tranſverſe may be found... 

Theſe being premis'd, and the precedent Work a little — 
it muſt be eaſy to deſcribe or delineate any — Flaws, cither 


NPE or N umexically, 
1. Todeſeribean Ellipſis Numericaly, by Points. 


Suppoſe the Tranſver ſa Diameter T8 = 20 and the Conjuga at 
A weer e. FOR N 


1 


other equal Parts) and let them  _ Nabe ke 
croſs each other at Right 4 nglesin | #84 35 + TO 
their Middles, as in the Point Gs EN by: 
then will TC = CS = 10, and 7 & 
NC=Cn.= 6 and-it will be li 7 
20:12:12: lg voy 9 33 . 
tus Reftum, ; na bd 


3 a 20: Ts 2. or rather take their Ratio. 


5 o, 36 Tz'S „al. 
m- J 3 QB. H 2. 
1: o, 36 :: 10+3X10—3: D d. I 3. &c. 
| ( 100—1X0,36=[s. 1. Hence: / 99x0,36=5,97 &c. . 
Viz de ee Vobro, 303, 88 &c. . 2 
100—9X0,36= 0d.3. | 91, 363, 72 &c. d. 3 
I ſo many Semi-ordinates as may be thought convenient (the more 
the better) be found in this Manner, and every one of them be ſet 
off at Right Angles from its reſpective Point in the Tranſverſe Di- 
ameter each Way, viz. from 1 to a, from'2 to b, from 3 to d, &c. 
Then if a Curve Line be carefully drawn with an even Hand thro' 


5 e nn ; 


- 
* 2. 1 
* : \ 
SE Ls & 4 


2. 77 deſeride « an \ Ellipls — by Points. 


os the Tranſverſe and Conjugate Diameters given, viz. TS 
and Nu, placed at Right Angles in their Middles, as before: Then 
from either End of the Conjugate, viz. N (or n) ſet off half the 


Tranſverſe Diameter to x. That 


% _— N x = T C(continumg 


te -N n_ when-it is ſbor- 


take any Point in the Line C æ at 


C to the Tranſverſe (as at E) viz. 


4 C) Or, which is all one, 1 
me =f — NC. Then 


Pleaſure; ſuppoſe it at G, and from m 
that Point at G ſet off the Diftarice 


N. 


596 79 21 g 5 { 7 * 
0% . B 
* N 


make GE =C x, and join he NGF ids en 
produces fo far beyond Feste make E B = NC. Conſequent- 


ly GB=TC. 


Thin, I fax... whine-over the Point G was tales Aerwany C 
and x the Point B will juſt 3 the EA 


E 


F : % 


1 Ds the Right Line B 4 perpendicular bo T. vis let. B 
be a Semi- ordinate rightly apply d to the tranſverſe page E 85 


then A GCE and A BAE will be alike. 


Conſequently] 1 CE: AE: : EG: EB, by 6 n 


1. And| 2|CE-+AE : AE=: EG1-EB: EB. See . 192. 
' But 3|CE+AE=CA.EG+EB=ITC.AndEB= 
6, in O's 50 64: AB :: o TC: m NC * 
ES * | 6 EEE = _ - 3 = O48 
Bout 5[O NC DO 4B= „ 
That is, D EB— U AB= U AE - 
Q CA U NU | 


6, 7] 8| aro. 


.- 


8x O TSI gl OCAONC=DONCx OTC—DO4B x OTC 
9 9 zÞo[ ONGxDO -c N= AB, OTC 
10, Analogy} 11] TC: q NC:: OD TC—D© C4: O 4B | 
+1; That is, x21 TCxCS: DONC: : TCA TEC CCl: 048 
which is according to the common — Cx. 5 * 


Therefore the Point B is $ truly found. 


Lines, by having a thin, ſtreight, narrow Ruler juſt the 


: for turning all Sorts of elliptical ne ice 


| 74 
"Mikes i it - == — if a convenient Number of ſuch 3 
2 G B be ſo drawn (as above directed) from the like Number of 
Points taken between C and æ, &c. their extream Points (as at 
B) will be thoſe Points by which (with an even Hand) the Kune 
may be truly deſcrib'd ; as beſore. 
But, if this be well underſtood, it vill be very eaſy to conceiv 
how to deſcribe an Ellis very readily, without drawing thoſe 


of TC, made ſomewhat ſharp at both Ends, fg which, from 


one of its Ends, ſet off the Length of VC. Then, if the Point 


upon the Ruler which repreſents E be gradually or eafily moved a- 
long the Tranſverſe T'S, and at the ſame Time the Point or End 


repreſenting G be kept ſliaing cloſe along the Conjugate Va, tis 


evident from the Work above, that the End of © Ruler repre- 
ſenting B will, by that Motion, affign the true Periphery of the 
Ai requir'd ; for by that Motion the ftreight Edge of the Ru- 


ler doth ſupply an infinite Number of the aforeſaid * as will 


appear very 2 and eaſy in Practice. 5 


Scholium. 


Now from hence was deduced the firſt Invention of that well- 
contriv'd Inflrument for drawing an Ellipfis by one Motion, com- 
monly call'd the Elliptical Compaſſes, being uſually made of _ 
and compos d of three Parts, two of which repreſent (or rather 
ſupph) che tranſverſe and conjugate Diameters ſet together at Right 
Angles ; and the third Part is. a moveable Ruler, which performs 
the Office of the laſt- mention'd thin Ruler. But becauſe the mak- 


nl LAS is ſo well known to moſt Mathematical Inftrument- 


_ to that accurate and ingenious Arti Mr. JOHN 
ROWLEY, Mathematical Inflrument-maker, under St. Dunſtan's 


' Churchm Fleet-fireet, London; who, for bis great Skill in contriv- 


ing, framing, and graduating all tind of Mat EXT Inffruments, 
I beheve, be fuftly call d one of the beſt Warkmen of his Trade 
I think it needleſs therefore to give a particular Ne- 


rope; 
| Kription of that Inflrument. 


AV Sias Pace caliber n i 


ture-F 5 &c, 


5 


5 4 210 pie is, een, Saber 
ul Cothugate Diameter 


er W tat 

in which let it be required to find the tranſverſe Dia- 
4 dive te Vn. Draw W 

arallel to each 
In, and biſet . 
þ Tie, © find the Middle ,., 
of each, x at K and P 
| theo? thofe Pointe K and 5 
Irie a Riche Line, a3 DA, andit | 
_ wilt be a Diameter ; for it WM 
Tr Vl into two equal 


775 


e I. A1 e 46 MM ep | 
{ddle or common Center of the Elliplis, as at 
— or Pro all Diameters, bowſrever they 6 
3 OE (oe WFP IRR. cot br 2 one ang | 
E- the Figure; as at 
3 | I þ of any Circle that will cut | 
* the Elliphe's 


Periphery in two Points, as at N and J; then join 
hoſe: Points B with a' Right Line, and it will be an Ordinate, 
Weng whoſe Midule (as at a} and the common Center C, the 
wankverſe-Diameter T 8; muſt pa. For BS —= 85, and Bo is | 

Ri with' TS; therefore the Line E b is am Ordinats 4 
y apply*d'to T8; the tranſverſe Dizmeter. 'And'if thro' the | 


angents to 1 = ey Nun. 
I 255 $ 8 = three 22 3 i 
1. H. it be requir” tam a Tangent touch 
Elliphis io A A of tranſ e Diameter, 
as at 7 6 plain the Tangent muſt E w the 
CO res fo 


ed. 


-* n d \ 
1 * * * 4 
+ * 1 ; ; . 
s or 7 
4 $ . f 1 
* - 
». 


WES 2 noo fates 


* nn N * 


19 


— 1 
—— ——— 


= 82 2- Or, if the Tangent muſt be drawn to touch the E If 
in either of the extream Points of its Conjugate Diameter, as at 
— as evident that it muſt be drawn parallel to the 
Tranſverſe Diameter TS, as X M. * if * Tan- 
the Tranſuerſe were 
both infinitely continu'd, they 
8 A 


e's But if it be requir 4 
to * a Tangent that may 
touch the Ellipfs in any other 
Point, as at B, &c. Then, if * | 
the Tangent and the Tranſverſe Diameter be both continu'd , * 
will meet in ſome Point, as at P; and thoſe two Points (viz. B 
and P) do ſo mutually depend upon each other, that one of them 
muſt be afſign' d in order to find the other, that ſo the Tangent may 
dy them de truly drawn. Let D= 75, y=AS, and 2 
AP. Then, if y be given, = may be found by this 


Theorem N N = a. Or, if = be given, y may be found by 
do Therm | LES | or y 


Demontfration. 


FF Bp. 
W Þ be alike. Put x = Aa the Di/tante between the two 
. Semi-ordinates (viz. between B A and os which we Oye in- 


3 


F 
| 


2: . ba, W 
R BA: U 
E n [2 6s 
: r- Fr:: OBA: 0 ba | * 
# = ©, that ſo x may he every where rejected. 
DD : HD:: Q BA: 4 
22: 22—2z ;: UBA: 9 5. 3 


AO 00 2 . 


170 
1710 
NJ. 
1s 


_ — 
' 


D- - 580 
Coe © 1 


1 las = 
13Þ2"D'==y +1 * DU: 2. Vi 8 Tu 


« 627K. - TM, - 
DDE DDA _G 


wn” 16 — 1 9 — 22 2 DD=£zz | 3 q 
yu. | — 4 when 


n of tics two Thorns 3 
* 4 the following Wr > OR 


if Suppoſe the Point H in the E * were given, we 
it were 7 uir d ee wipe) Hu 


Make TC Radius, and upon the common Center C d 
the Semi-circle 7 d &, and join the Points C and d with a 
Line; then biſet that Line (i Prob. 2, Pag. 2 ) and on 
the Peint where the biſecting Line would croſs the ranſuer ſe, as 
ate. Upon that Point | e, with the Radizs Ce (or Cd deferibe 
another Semi- circle, prod r the the * Diameter o its Peri- 


- phery, and it will aſſign che ? 24d 
For if DT, y=AS, vn AGE 


4: THe: 47 

CAZ+D—y, &c. 
'Dz—yz=Dy - 
1987 che 11th Mp beſare 


2 the Phinr p is muy found. Conſequenty, ifs . 
bh n Band P, it will W 

got re >; According to t nen I TO! 1 
| 13 ii 4 2 r 

| N.. Herber of this is a8 to Wit, 

be given, thence to f N n e Zlipft Por ery. 
Thus, eren the. ENip/s, with the Semi TdsS, 
as before; oe ac bEmeal thy Phant4-C and P. 
9 r ing C. Radius, up- 
on the Point c, deſcribe * Semi Ent 14 2p 2 and from the 
Point where the two Semi-circles interſect or croſs each other, 
* at a, draw the Right Fine A perpendicular to the 7775 
F 


regs Fo wes | 


if 45 Print 7 


„ende. Geda 


* A 


— 79 |} 
T$, and iCal ben hy Fai: of Gain e in the Ellipfis Pe- 


riphery, homey? which't 
eee TER As e Tadgents, to any affty'd | 
Fr Np) ae ( wirbeut finding the aforeſaid 
* cally pl lem Prey of Tengen 


daun to a Circle, . 12 


r te any Naur of a Cirde, as CB, 0 13 
there be den A Th Lint (as BK) | 
to tech ihe Radius at the: Point B; we 
two Angles, which the Tungint makes wirt 

the Radius, will always be two Right An- 
gles (16, 17, 5 58 Euclid” 17 M4 that > > 


FHO SC W 


In 8 the two Angles ads ltere the mein 
the two &. from the Fort of an -Ellipfs to the Pains of , 
Cana, will always beiequal,\ but nat ight. Angles, - ave only. 
at the two Ends of the Tranſuerſe Diameter. 

Theſe being well conſider'd,, and compar'd with what hath 
been ſaid in 15> 266, it muſt needs be eaſy to underſtand the 
following Way of drawing) Ta agents 60 any Med Paint in the 
Ellipfis 1 which is t . 

TT 2 5 gate Diamicteri found the two 
* draw TY nat 1 wif 


17 


io 1 | BY : 
Viz 5 2 (or BD GA 3 N 
aid jolh the Paints Fa (or | - 


a Right Line. 
Then, I'fay, if a Right Line dbe ” 


drawn the Point of Contact 
b (or BY parallel to 4 F, or D'F, 
it will he Tangent \ 


For it is plain, F the 
Tangent is parallel to the Trax Diamstor, even ſo is the 
5s. (and <fBH= x'FBK) and will be 

where ſo; a the e ee (or B) and its Tan- 


* 2 72 * os vs LACY wean + hid 


cee 132 cher. 


11 » 
„ 


| Concerning the 8 wt every PIRIE vu 
7OT E. in every Parabola, the intercepted Diameter, or that 
Part of its Axis, which is between the Vertex and that Ordi- 
BAN limits its Length, as 8 of A, && is call'dah Abſriſſa. 
Seck. 1. The Plain or Figure of every Puabols i proporties' 
by its Ordinates and Abſciſſæ, as in the following Theorem. - 

, any one Abſeiſe : intaths Square of itsSemi-ordinate 
Theorem. 2 Bfeiſo ynBeinnrs of Klee: 


That is, 110 we e the ard H. 
gure to be a Parabola, wherein & a, and... 
§ 4, are Abſciſſe, and bab, B A B, 
Ordinates rightly apph d, „ - nl 052-245; 5 
be 8: Obe::S4: OBA 7 1 
or Ja: AM:: Oba: 34) alen, 8 


| And fo for anf oer ſees, f deer 1 my 


1 F rg Fg: reſent : 

tg two Parts: by the | A 
| Then the Plain of that 5 vir. & 
la, by Sec. 4. Page 364, wherein, jet u 
Axis, 2 4 bab, 1B to be Ordinates ti 
Ari. Again, a po oh Cane. 7 
allt to its Baſe 2 "They with be * 
cle, by Sea. 2. Page: 363 e de t AS; 


e 4 84: ITY . 
Therefore 187 * dn 5 50 WW. 

1 os x Hb e 

ho X =SHxapxhe 

..$ I | Ione: . 58655 
n — = 5 2% 8} > 

an 5 » * * 0 4. AGX 10 * 

Ft $a N 2 744 Y oe 175 . XJ 


By- A 5, _ 
Sa: ::: 0 B wo Mk 8 N 


* 2 alt that | is farther requir'd . that Seffion, or 
Figure, may from thence N tak 3 


rey to N 


aq 
Sect, 2. To find the Latus' Rectum or Ri an, aramee 
of any Parabola. 


a 


The Laus Reffum of 2 Parabola hath the ho dias Bl 


portion to any Abſciſſa, and its Semi. ordinatt, as" the Latus 
of apy Eg hath to its * and e n 


may we wks 


As any Abſciſſa - is in Projertim et Si dat: 
Kann,, is that mt erf : to the Latus Rectum. 


Let £ = the Liu, Ran fe 

ä 11842: ba: : ba: LI 1 the Points a, and 

| 12184: BA: 84: LA 4, ate taken TEE . 
IL: Or 84 * L= 0 ba” 


| 8 2 . o F 
' $ 4+ s. — * 8 
I's 3 fes Ariom 5. . 25 l CAA 
68 N 3 7287 x o RY \ which . 
782 : Oba: 84: OBA, the fame as at the 7th 
aſt Proceſs ; e is the true Latus - 
Nabu, by which all ihe Or may be regulated and e | 


177 


ing to its Definiri 22 * 25 e 364. For by the 

third Step. & a 1 555 e ach Steg S Xx L= U 

- BA. Conſequently / endo 4:4 hk BA; 
and ſo for any other 22 9 — 1 0 


Or if the Ordinates are een, to find their ci Biſciſee ; then it 
will be, _ ba: dhe ok BA:: BA: $4, Kc. 


_ OO —_—__—— 


- Gontaueny Age 8 e 54, 4 


i will bag to 
8 thus: . 


0¹ 


From A of theſe. P LE 
conceive how to find a 2 


* | L * a 


FNR. 


Join 2 e 

Org, ts Þ for 4) wick « Rk D iz. $.B (or 65 

t that 2 (by Problem l Work mn ar 

Page 287.) 1 the Pain where - 2 
e .biſect + ** mately; 
_ ctols the # 22 (ar e) and wi 

the Radius 8 E (or- ES ho. 
2%; 1 ir as in. the 
5 we . inge 


44 1 1 
* Ty * 
* P 
= 4 * 
92 
„ 
„ 0 


2 


N - 


— 


Be 5 n 2 . ** 129.234 | : =%: v2} 6 
Bas dee Nane ning ke 
eaſy to deduce ene 
( As the Ln, 72 T 2 1 
Theorem. ordigates is the Difference ord 
nates" 58 Difference of 2 ſe Me. * 
Suppoſe any Right Line : Acne os the 3% 2 2 
. will that Line A 4 
er (b 5 — S 0 
Ds e 1 Then it . 
1 5 :DÞ:4 the 


{#1 os lo G H 
8 De 1 


* 


id yo A 
Ki o Aube 928 


* * 1 
of the lat Frank. .. enn 
322 . 


1 ee I, X. 
> 2 
4 1 2 e rige 
L:E D :DB;bD 


- . 


_ n+ Duraboi: 9 
Thie Property of the Pamabola * TA publiſh's 4 

bs by one Mr. Thems Baur, Nec of - Biſbep M 
| | in a Treatiſe intitulkd, The Gmail Rey © ' 
Gatrof h. una hd; ee 
cal Conſtruction and Solution of all Ollie ahd-Baquadratick Ad. 
feted Equations by one general Method, which he calls a Central 
, Wm nec Tae ah * 


| © Set. 3. To find the Focus of any Pardbola. 
The Focus of every Prall is that Poſt I ii throng 

which the "Lats e e paſs. 3. Se; 4. 

Page 359.) Therefore zes Dichter tem of the Para- 


bola may be eafily found, either by the en , 
„ and its 4 b. l Wen dy: 5 _Y 


Thus, ſuppoſe the Point ar Fo be the Focus, Sheer the 
Gt © F 2 = L the Low | | 

Refium, and b a+ any other Or- 
* mate. Then will 8F= + L. 


Or 8 F= han 
8 
: 5  Demonffration. 

Firſt] 18 PX L= O FR. by Sec. 2. Page 375. ä 
And 2JFR=:L; for the Ordinate R F R = inn - 
20 | JO FR=;OL=;tLILx;ile 
,= | 4 FXL= 20 
4 = HFI. as by Definition 4. dars. 4. Page 359» 
Again 2 =I. ä 

vn r ke. as above. h QE. D. 


Sect. 4. 70 deſcribe, or 4 a Parabols ſeveral Ways. 


Nate, There are two or three Ways of drawing a Parabola in- 
ſtrumentally at one Motion; but becaufe thoſe Inftruments or 
Machines are not only too perplex'd for a Learner to manage, 
dut alſo a little ſubject to Error, I have therefore choſen to ſhew 
how that Figure may be (the beſt) drawn by a convenient Num- 
ber of Points, viz. Ordinates found, either Numerically or Geo- 
 metrically, according to the Data; which, if the Wark of the | 
* well conſider d, muſt needs be very ealy. - 


0 | + #6 If 


* / ahem b 


4. 2222 rhdar ey wat os feaſers 


_ © cally, & . | 
3 only the Diſtance. of the Ficus from the Fane of.che | 
Parabola be 


— 


1, If an 2 — 9 by 
as you plraſe to aflign or take 
Parabola's Air; (by Sees. 4. Page 380) and the 
l may be drawn by the extream Points of 
as the Ellipfs was Page 3 Jo 6 1 


given, then any aſſign'd Number of Ordinates may by them 
found (by See. 2. Page 381.) either Numericalh or Geometri- 


572 any aſſign'd Number of Ordinates may be found 
F.= + de Laus Refium, and 4 L=FR as in 
laſt Section; "and it will be, as f PF: 1 10 UI FR: ſo is any 


* Mdſciſſa, viz. (Sa, or & 4, &c.) : to the Square of its Se- 


n. For 


mi- erdinate (viz. 0 ba, or UA „ 


lay Parabols, the Print F ro be in Fs, and 


 =FB, * — it will 4 


N «OY ' 
"i = 10 —— E.. 
11 We 
Pg 


Property of the Parabola. 


Altho' any of theſe Ways of finding the Ordinates are eaſy 
enough, yet that Way which may be deduced from the follow- 


n will be found m more eaſy and ready in Prac- | 


l De Sum of am Abſciſſa and focal Difance from 
„3 eee Fg. Age -gy 7 ance from the 
Propoſition, "”m to the extream Pine of the dinate, which 
For Inſtagce, —— 8 to be the Yertex of S 


AB any Semi-ordinate rightly apply d to its 
Axis $4: Then I fay, where-ever the P 


amt 
A is taken in — it will be S4+$SF 


be f4=FB. 
118 P= dy the 7th Step, 8.3. 3. 

2 A= FAT L by Cuftrugiam above. 
SFA FEINE 
4184 FA＋ J by the Suppoſition and Figure 7 
SIS8AXL= 21 ＋2 LL but % LL AB 
510 15 PETE 
7 
8 
1 


N 


— 


OF: U == NEA conte. n 4B 
n em 11. * 
e e | 


- * 


1 ü — — 


This Propefition 


Data by which it ma 


* To draw a 


For, ſuppoſing 


Tangent will interſect (or meet with) 
if from the Point of Contact B there 


; well underſtood, will be daily A 
the Focal Diftance . 2 
_ be found. Thus draw any Right Line to 
the Parabola's Axis, and from its vertical Point, as at &, 
ſet off the Focal Diſtance both upwards and downwards, viz. make 
SF F, the Diſtance of the given Focus from the Vertex; as 
in the Scheme : Then by the Propoſition tis evident, that, if never 
ſo many Lines be drawn Ordinately at Right Angles to the Axis, the 


ply'd to Praice, ſu 


true Diſtance between the Point f out of the Parabola, and any of 
_ thoſe Lines (or Ordinates) being meaſur'd or ſet off from the Fo- 


cus-F to the ſame Line 2 *twill affign the true Point in 


that Line through which the Curve muſt paſs; that is, it will 


ſhew the true Limits or Length of that Ordinate; as at B in the 


laſt Scheme. 


Proceeding on in the very ſame Manner from Ordinate to Ordi- 


nate, you may with great Expedition and Exactneſs find as many 


Ordingtes (or rather their Points only, like B) as may be thought 


convenient, which, being all join'd together with an even Hand, 
will form the Parabola ed. 


N. B. The more Ordinates (or their Points) there are « fund, 


and the nearer they are to one another, the eafier and exatter may the 


other Gar 2 The ſame is to be obſerv'd when any 
is requir'd to be drawn by Points. | 


to any you Point in the 
Curve of a Parabola. 


very ealily drawn to the Curve of any Parabola; 
S to be its Vertex, B > 19s 

the Point of Contact (viz. the Point © 
where the Tangent. muſt touch the = 
Curve) and Þ the Bin 


Tangents 2 are 


t whiere the - 


the Parabola s Axis produced: Then 


be drawn the Semi- ordinate B A at 


Right Angles to the Axis $4, whereſoever the Point lan the 
3 3 


Demonſtration, - 


A. 
% 


Draw the 8 erte b a (as ET wa the 
$8 4 1 ” and 4 4 P be alike. Let ) AS the Abſciſſa, 


A rr. 


ordinates, which we ſuppoſe to * 


the Ellipſi, Page 377. 


Then Ijy +2: BA: A= ba, per Theorem 13. 

r, Or] 2p 2: T2 ＋ :: BA: ba. See Page 192. 

Again 3h: UBA: 350 per Theorem Page 380. 

3, Or] 400: :: OD BA: O ba 

2inn's| 5 „Taz TZ F 
| 2zx+axx:: OBA: 

4, 5 6 1 : e „ 

1 27 x+22z+22x+xx 

6 — 7 Na 
| Le-. 

That is, 80 — x, conſequently === y + x 

Suppoſe 9 #0 and rected, „ Page 377. 

Then e conſequently zz = yy 


10 2 111K =, that is, SP=84 | IG 
5 ” | | Q. E. D. 


— FH __———\ 


CHAP. IV. 
Concerning the chief Properties E the Hyperbola. 


NOTE, „ any Part of the Aris of an Bola, Weich h n 
cepted between its Vertex and rdinate (viz. any in- 
tercepted Diameter) i call'd an ft 23 as in the Parabola. 


88. L. 


5 any 41155 mul- 
| tiply'd into that Abſeiſſa: is to the Square of its Se- 
Theorem. mi- ordinate :: fo is the Sum of the Tranſverſe and 


: 2 other 2 Lag. into that 4bſciſſe : to 


As the Sum of as Tranſverſe 2 


a r D _—_— I FFY 


. Pin of ray Byperbala iz f by thi . 


= 


. ba | * * 9 
— 


un f 15 Sa 


7T Fox : 0. ee, 0BA / 


Tha is, if T$ be the Tranſverſe Diameter, 
And Sa, -S. Abſciſſe. 

ſ ba, BA EN. 
TA=TS+ SA 


And it will be 
TaXxSa: Oba: TAXx SA: BA. 


That is, 


Demonſtration. 
Let the following Figure HG repreſent a Right Cone cut into 


two Parts 2 Ry ght Line $ 4; then will the Plain of that Sec- 


tion be an Zyperbola (by Se. 5. Chap, I.) in which let & A be 
its Axis, or intercepted Diameter, 54 b and B 4 B Ordinates 
rightly apply'd (as before in the Parabola) and TS its Tranſverſe 
Diameter. Again, if the Cone is ſuppos'd to be cut by hg, paral- 
lel to its Baſe H &, it will alſo be the Diameter of a Circle, &c. 
as in the Ellipfhs and Parabola, Then will the a S ga and 24 
be alike, alſo the 4 Tah and a TAH 

will be alike ; therefore it 


will de IjSa: ag:: 3 AG. 
And 2[Ta:ahb::TA:AH- 
1 1230 e hn 
2 % 4jT a xXAH=T AXab 
3X4] 5 Fe 
eo 
* f per Lemma Page 363. 
Sa X Tax UH AB = 
5, 6, 7 re | 
be. kk which give the following 
8, Anal. — Db: (ESRD L: D 4B, &c. 


Q E. D. 


Ddda RE OY 


4 n 
28 W * 4 wi" x, 
Y 0 4 K 
of . 


* 2 D Fi * * 9 8 * 95 1 * * 4 i; a 
a * 5 TTY ern 1 © oy * 5 e 2 7 
10 * 0 * 0 9 * * . x , 
= : 
Lo . 
* 
3 * 1 W 1 
— — 
— 
1 * — 4. 
3 8 8 R off * 


Thbeſe Proportions ate the common Property of every Hyper- 
bole, and do only differ from thoſe of the Flight in the Signs . 
T and —; as plainly appears in the fol- 

lowing Proportions, That is, if we 

ſuppoſe, T & the Tranſverſe Diameter 

. common to both Sections (viz. both 
Bj me E and Hyperbola) as in the an- 


_ WA | nexed Scheme: then in the 17 s it will 
be T$8—Sa Xx Sa: DU ab::TS—S4 
2 + X84: 0 4B as by $2. 1. Chap. 2. 

— — b and in the Hyperbola it is TS + Sa 
x $a: Dab::TS+8Ax84: 0 
—_ EL e 8 
3 arther requir'd in t Hyper bola, may 

a lin a manner) be found as in the Ellip- 
ie, due Regard being had to changing of the Sine:. 


r 
— 
- ju 5 
- 
- 


Sect. 2. To find the Latus Recum, or Right Parameter, 


of any Hyperbola. 


| From the laſt Proportion take either of the Antecedents and its 
Conſequent, viz, either Ta x Sa: U ab. Or TA KSA: A3, 


to them bring in the Tranſverſe 7 8 for a third Term, and by 
thoſe three find a fourth Proportional (as in the Ellipſis) and that 
will be the Latus Rectum. e 


. 


Thus] 1 "Tix 
;  Reftum, which call L (as in the Parabola.) 
Then 78: L:: TaXx8a: U ab. ; 


„ 


9 


TS:L::TAXS4A:O48, &c. 


| Conſequently L is the true Latus Rectum, or right Parameter, 
by which all the Ordinates may be found, according to its Defini-- 


tion in Chap, 1. And becauſe TS + 8a = Ta, let it be 78 


$ 6 inflead of Ta, then it wil be ggg. = I, and in the 


b * 
Ellgfs it would be 7 5c Fa — H= LR * 


' = 


4 3 as 8 6 4 5 Fi 
. 4 e * * * F a * 
4 N , * 183 * 9 4 4 * * 
9 * 9 R IF TOs? _ 
* «4 py G of Ps of 
o 


TaxSa: O 45: :TS: DobET = the Latus 


2 
But] 3 Ta K Sa: Ua: : TAX SA: U 43, therefore 
- — 


Deen 


on 03 


a Toes. a 


I * * oy 9 * 2 9 rn * F . " 2 * # a * : N _— F * * A 2s . * * 4 
* 3 = * * 4 8 7 * __ 7 N Wy? 5 I” * * * 4 8 5 " 4 % * c 7: 
\ . * e * N Sid. F 
& V7 N 4 
23 » 
. * . 
n+, — 
7 
"Concer > * 
2 
= —_ ning « a ib 
TT ” os 


Seck. 3. To find the Fotus of any 1 
The Focus being that Point in the Hyperbola's Axis 


which the Latus Rectum muſt paſs (as in the Ellipls ondParabola) 
it may be found by this Theorem. 


To the Rectangle made of half the Tranſverſe ints 
half the Latus IIS, add the Square 17506 If the 


Theorem 77 ranſoerſe ; the Square Root of that Sum will be the 
WES of the Focus from the Centre pF the Hy- 


Demonſtration. | 

Suppoſe the Point at F, in the annex'd Scheme, to be the Free ; 
ſought ; then will FR=2 L. Let TC= 

CS * half the Tranſverſe; then is the Point 
C call'd the Center of the Hyperbola (for a 
Reaſon that ſhall be hereafter ſhew'd.) A- 
gain; let C S = d. and SF=a | 


a4: L: Tx LL 
is, 278: L::T$4+SFXFS: oO FR 
3 L= +a 

4 dd +3 4 L = dd 2d N40 
SVD =d+a= FC 


N -A = , 


In the Ellipſis tis, 24: L : :24—a xa: 2 LL. tat is 1dL= | 
2ada—aa, &c. 

The Geometrical EffcQion of the laſt Theorem is very ably 
perform'd, thus: make Sx =; L, viz. half the Latus Rectum; 


and let CS d, as above. Upon Cx (as a Diameter) deſcribe a 
Circle, and at & the Vertex of the Hy- fem. 


derbola draw the Right Line » & N at 
Right Angles to Cx; then join the 
Points C N with a Right Line, and 
— 


es: SN: SN: Sx, per Fi 
d: & M:: SN: * . 
124. OSN 

dd + O SN=D CN 
dd +:dL = CN 


i — — 


LCN Ae, . 


Now here is not only found the Diſtance of the Hyper 
cus, either from its Center C, or Vertex &, but here is alſo found 
that Right Line uſually call'd its Conjugate Diameter, viz. the 
_ Linen 8 N, which bears the fame Proportion to the Tranſverſe 
and Latus Rectum of the Hyperbola, as the Conjugate Diameter of 
ws A . doth to its 1 2 2 * 2 in the 

Ilipfis Nn::Nn: L KF. 2. Pag nſequent- 
5 TF. i1Nn::iNn: LR But 2 78 1 iNn=8N, 
LR! Therefore 4: $N:: N: i L. As at the 
ad Step above. 

What Uſe the aforeſaid Line 1 & N is of, in Relation to the 
— will appear farther on. 


| Set. 4. To 0 deſeribe an Hyperbola in Plano. 


In order to the eaſy deſcribing of an Hyperbola in Plano, it will 
be convenient to premiſe the following Propoſition, which differs 
from that of the Ellipfis in See. 3, Chop. 2, only in the Signs. 


(If from the Foci of any Hyperbola there be drawn 
two Right Lines, ſo as * meet each other in any 
Mꝛopolition. Point of the Hypetbola's Curve, the Differeice of 
| OT TO EY: Lines (in the Elipfi "tis their Sum) tw be e- 
qual to the Tranſverſe Diameter. 
"That is, if F be the Focus, and it be made C F CF (as in 
a the laſt Scheme) then the Point F is ſaid to be a Focus out of the 
7515 rather of the oppoſite 2 ä 


mn 
Again, let FBI 2 3 by the 
Propofition. 


F rom theſe ſubſtituted Letters it follows, 


dd ＋ 2ds + 2ds + xx A. 
441 Ren 


3 41 L = da ＋ 24a +aa= oO FC= zz. 


F-4 


3 — 


„ My „ „ 


oſe c. or O Fa, and & 1 4, let CS, or TC . 
; then will FTT and FAA T=. 


of N | 


© i 1 


16, or | 


I —. 


| 
16 


17 
18 


182 


:L; N. 7 by common Properties 


=IE;. ad + x: DAB 


2dzze e =OAB 

ade e 2 — 

| e „ OTE 

eee eee 
. as Lonarandih.. 

1 Alo the Aquation at the 16th 


dd — dz Step be in itſelf impoſſible, he- 
tet Fs | eee TOS 
i» = I be eaſy to conclude, that the Dig 
4 | — 
[+ = 2 e 
— { in the — 


* 1 _ * 7 Bl - wo = — W 


Nele for the Ot to doubt 
about changing the Equation, — — = into that of 


«+ 


— d = b, it may be convenient to illuſtrate the whole 


A in R whereby (I preſume) twill plainly appear 
—) — | 

In arger 10 that, let the Tranſverſe 78 2412, then d=6 | 
ſuppaſe.the Abſeiſſa ${=x=4, and the $emi- ordinate AB= 3 


Firſt | 


1, pin. 
Agua 


1 
2 


3 


| 


vis. | 4 
And 


6 


TN 4: 4:78: L. per d 2. 


12 44K 4 64:9 :: ee 

* . 

6825 = 6,40 n 

e — 
5 


l 


If this Propeſit 
conceive how to deſcribe 2 Curve of any Hyperbola very readily 
by Points, when the Tranſverſe Diameter and the Focus are given 


(or any c 


dent Rules) thus: 
Draw any fireight Line at Pleaſure, and on it ſet off tbe Length 
of the given Tranſverſe T $, and from its 
extream Points or Limits, viz. TS, ſet off 
TT & F, the Diftance of the given F- 
cus (viz. the Point f without, and F within 
_ the Sefton, as before) ; that done, upon 
the Paint f (as a Center) with any afſum'd | 
Radius greater than TS, deſcribe an Arch 
_ ofa Circle; then from that Radius take 
the Tranſverſe TS, making their Diffe- 
rence a ſecond Radius, with which, upon 
the Point F within the Section, deſcribe a- 
nother Arch to cut ar crab the feſt Arch, 


as at B; then will that Point B be in the Curve of the Hyperbola, 


dy the Jaſt Propoſition. And therefore tis plain, that, proceeding 
on in this Manner, you may find as many Points (like B) as may 
be thought convenient (the more there are, and nearer they are 
together, the better) which being all join'd together with an even 
Hand (as in the Parabola) will form the Hyperbola requir d. 
There are ſeveral other Ways of delineating an Eper bola in 
Plano: One Way is, by finding a competent Number of — 
nates, as by Section 1, c. but I think none fo eaſy and 
ous as this mechanical Way - I ſhall therefore, for Brevity's Sake, 


paſs over the reſt, and hw them to the Learner's Practice, as 


| bring aal deduced from what hath been already bid. 


- 1 


de. 


an be truly 2 At e 


MH 858982. 


2 or - poi . 


Andz=4P Ordinate and that Point 


put x = 


Sect. 5. 7 2 a 12 to a grow Peint i in abe 
Curve of an Byperbaa. | 
The ien of a Tangent, that will touch "yl given Point 1 
the Curve of an-Hyperbola, may be eaſily nach by Help of a 
Theorem ; as in the Elk r Seck. 6. Chap. 2. 
1 Hs the 1 


9 


L = the Latus 2233 | 
; = 8 4 the Hella. on 
the Diftance between the 


in the Trenfurr cut 
the Tangent. 5 * 


Then f/ be given, à may be found by 
this Them, PN x [which differs 4 
from unt in the Blip only in Signs. Vide | A 


age 371+] 
of eb given, then 3. may be found by this Theorem : 


Draw the en a, as in the Figure, and 
4a} an infinite {mall Space between the Ap Semi-ordi- 
Pon as 1 15 in gl Ellipfis, &c. 

22 ELD AB 
2 == 2 7 xXS4: 2 43 


J 
— — n AB 


jD:L::D anti; thr dies : 04. | 
7s: ZL: :T&+TF@aX5a: Oat 8 
| AED 


— = 
* 4B: :: @ b, Viz. PA4: AB:: Para 
* IB: 2x—2 ; 
I 
. AENA: * 2Z— 22: Dad ag 
Jer Lzz 22 Dy — Lz 
x 


| Eee 6. 11 


2s 


ameter common to both, Cc. (ſee Sz. 


* 8 - * 5 
4 > 4 hoes —_— » © 
EL nn 


A. = 


POLES ETSY 

6, 11 Ss, ꝗꝙꝓ— Dylemapple 
— 55 
12 reduced „ e 


13 Analogy 14 
1315 151 3 
13 — 257 16 ＋DY—- Z D x 8 
16 0 . . A 
17 u 18 ii N 1 

18 2 e we. 3 1 605 


cond Theorem. 


paws Q E. D. 


The Geometrical Effection of che firſt of theſe Theorems is 
very eaſy ; for, by the 14th Step, tis evident that there are three 


Lines given to find a fourth proportional Line. [By ee 'Þ 


Page 308. ] 
Schellen. 


From the Compariſons, which have been * made in this 
e N between the Hyperbola and the Ellipfis, "twill bs eaſy 
(even for a Learner) to perceive the Co- 
herence that is in (or between) thoſe two 2. 
Figures; but, for the better underſtanding 
of what is meant by the Center and nb 
totes of an Hyperbola, conſider the an- ov 

nex'd Scheme, wherein it is evident (even 

by Inſpection) that the oppoſite Hyper- 7 © 
bala $ will always be alike, becauſe 1 i 
will always have the ſame Tranſverſe Di- =#:. 


8 . 
bag, % 
4 


x, of this Chap.) Alſo, that the middle , 
Point, or common Center of the E llipfs, , 
is the common Center to all the four con- , 
jugal Hyperbola's. 


And the two Diagonals of the Right-angled Poralleograii 


which circumſcribes the Ellipſis (or is inſcrib'd to the four Hy- 


 pe#bola's) being continued, will be ſuch Aymptotes to thoſe Hyper- 


bols's as are — Chap. I. Sett. 5. Defm. 4. $a 


D +5:5::D+z: Ts CY: $4::T4: 4 


« % 


Gap: + 


Thai, Fi OSV: : DCADAE, 


> + —_—_—_— a. 1 
p _— F 


1 


- | 


ih 2 N — * 


Sect. 6. 7 0 Gow » the ;e Afymptotes if any en &c. : 


Having found the Latus Rectum (by Sect. 2.) and the Conju- 
gate Diameter in & N in its true Poſition, by Sect 3. Then, thro* 
the Center C of the Hyperbola, and the extream Points n N of 
its Conjugate Diameter, draw two Right Lines, as CN and Cn, 
infinitely continued (as in the following Figure) and they will 
be the 4/ymptotes required. That is, they are two ſuch Right 
Lines as, being infinitely extended, will continually incline to the 
Sides of the Hyperbola, but never touch them. 


Demonftration. 
Suppoſe the Semi-ordinates a b and A B to be rightly apply d 


to the Axis T A; and produced both Ways to the Ahymptotes, as 


«fg and PG; ; then will the a CS N aCag, andaCAG be 
Let a CS = TC. And L= the Latus Rectum; as before, 


* ä the Mſciſe. Then 1 


Then] 14: S N:: dÞ+e: ag. viz. C S: & N:: Ca: ag 
1 in's 204 4: US N: dd + 2d. 4e: Dag 
But] 3] 4L 2 US N. 8 
233 io] EE 2022 = 
in 512d: L: 2A ee: 43, 188 2. 
6 
7 
8 


oY 2deL+eeL _ 2 


2 4 
== G- U 


4 4 b- b 
0 7 
8 * 9170 327 =#f x bs 
7, 1o[iilbfxbg= AL 

Again 12 da. 585 e -x. by. 


But k 5 L: i. KS 0:48, per beg. 2, 


2d 


1 


14 ** 2. =DOAB 


Eee 2 5 13—15 


13 oh 15 
Ab 
17 x 18 
16 19 
11, &20 *.* 


From the laſt Step tis evident, that the Aſymptotes are nearer 
the Hyperbola at G than at g, and conſequently will continually 
approach to its Curve: For B F)4dL(=BG is leſs thanbf) 
34L(=bg, becauſe the Diviſor B F is greater than the Divi- 
for bf; and it muſt needs be fo where- ever the Ordmates are 
p oduc'd to the 4/ymptotes, from the Nature of the Triangles. 

Again ; From the 7th and 16th Steps 'tis evident, that the 

Ke can never really meet and be co- incident with the 
| e of the Hyperbola, altho both were infinitely extended, be- 
cauſe 3 d L will always be the Difference between the Square of 
any Semi-ordinate and the Square of that Semi-ordinate, when tis 
produc'd to the Aſymptote. © I 


From hence it follows, that every Right Line which paſſes thro? | 
the Center and falls within the Aſymptotes, will cut the Hyper- 
Bola; and all ſuch Lines are call'd Diameters (as in the Elligſis] 
| becauſe the Properties of the Hyperbola and Ellipfis are the ſame. 


Note. Every Diameter, both in the Ellipfis, Parabola, and 
Hyperbola, hath its particular Latus Rectum and Ordinates ; 
which (ſhould they be diſtinctly handled, and the Effection of all 
ſuch Lines as relate to them, as alſo the Nature and Properties of 
ſuch Figures as may be inſcribed and circumſcribed toall the SeQi- 
ons, with the various Habitudes or Proportions of one Hyperbola 
to another, &c.) would afford Matter ſufficient to fill a large Vo- 
Jume. But thus much may fiffice by. way of Intraduſt ion; T ſhall 
therefore deſiſt purſuing them any „ being fully ſatisfied, 
that, if what J have already done be well underſtood, the ref 


muſt needs be very eaſy to any one that intends to proceed far- 


ther on that Subject. EY 
Ki AN 
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no Example. 
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T T HE Method of finding out any qa Quantity ( via. 


either any Line, Superficies, or Solid) by a regular 

Progreſſion, or Series of Quantities continually approach- 
ing to it, which, being infinitely continued, would then become 
perfectly equal to it, is what is commonly call'd Arithmetick of 
Infinites ; which I ſhall briefly deliver in Ne following Lemma s,. 
and apply them to Practice in finding the reef and ſolid 
Contents of Geometrical Figures farther on. 


LEMMA I. 


F eat a tte ot 


Quantities).as, 1. I. I. 1. Sc. or 2. 2. 2. 2. Ce. or 
. 3- 3. 3. &c. if one of the Terms be multiply'd into the 


Tumber of Terms, the Produft will be the Sum of all the 
Terms in the Series. 


This is ſo very plain, and eaſy to be underſtood, that it needs 


LEMMA I. 


If the Series of Numbers in Arithmetick Progreffion begin with 2 


| Cypher, and the common Difference be 1.; as, O. I. 2. 3. 4. Cc. 

_ (repreſenting a Series of Lines or Roots beginning with a Point) 

if the uſt Term be multiply'd into the Number of Terms, the 
Product will be double the Sum of all the Series. 


That is, putting L = the laſt Term, N= the Number of 
Tera apd = wh um of ll th Sr Tis 


has 1 , 
v1 P * 4 2 OY 
4 44. \ 


7 The e 7 antes Tay V. 


— — — 4d 


"Then will NL 28. Conſequently, 2 NL=S. 

viz, one Half of ſo many times the greateſt Term as there are 
Number of Terms in the er 

Thik — = the Sum of the Series = 1 NIL. 
tFiFaiÞaF4s © 20= NI. 


"ad this will always be ſo, how many Terms foever ther are, 


by Cal. 1, Page 185. 
L EMMA III. 


If a Series of Squares whoſe Sides or Roots are, in Arithmetick 8 


Progreſſion, beginning with a Cypher, &c. (as in the laſt Lem- 
ma) be infinitely continued; the laſt Term being multiply'd in- 
to the Number of Terms will be Triple to the Sum of all the 
Series, vis. NL L= 38, or I NLLSS. 


That is, the Sum of ſuchra Series will be one Third of the laſt 


or greateft Term, ſo many times repeated as is the Number of 
Terms i in the Series. 


 Ijflances in Square Numbers, 
ods 1 
1 2 =—_————— ' 
Capers 12 3 12 DD 
_ 0FIT4T 9 1 
1 . 
[949 3 * 

—.— 9716 30 3 9 
8 


ann . 

16+16+16+16 o E8 24 3 24 | 
From theſe Inſtances tis evident, that, as the Number of Terms 

in the Series does encreaſe, the — or Exceſs above; does 


decreaſe, the ſaid Exceſs always being —+—— * > Which, if we ſup- 
poſe the Series to be infinitely continued, will then become inh- 


nitely ſmall, viz, in Effect nothing at all. Conſequently, NLL 
may be taken for the true or r perſect Sum of ſuch an | infinite Se- 
 Vies of Squares. 


LEMMA IV. 


If a Series of Cubes whoſe Roots are in Arithmetick Progreſion, 
beginning with a Cypher, &c. (as above) be infinitely continu'd, 
tbe Sum of all the Series will be ; NLLL=S. 


That is, one Fourth of the laſt or greateſt Term r times 
repegted as is the Number of Terms, 
Inflances 


9 8 Proportions) beginning at o. the Sum of 2. 3. 4. 


ſlances in Cube Numbers. : L el 
11 0 2.3. c be the Run of the Cubes, Sg 


3 o+ 1+ 8+2 6 6-2 8 
Then 9 T 22 Lint nl - 
2702727427 108 & 12 


— =— — — —— — 


64+64+64+64+64 320 32 16 4 16 _ 
0 T 1+ TY s 228 45 3 6 
3- —_— 


* 0+ 1+ 8+27-+64 100 "4 13-4 3; 
2, 


— 


t25b+125125+12541254125 750 159 10 20 4 20 


From theſe Examples it plainly appears, that, as the Number of 
Terms i in the Series encreaſes, the Fraction or Exceſs above ; de- 


creaſes, the Exceſs being always - which, if we ſuppoſe 
the Series to be infinitely en wa become - 2 ſmall 


or rather nothing; as in the laſt Lemma. Conſequently, x NL 
LL may be taken for the true and perſect Sum of al the Terms 
in ſuch en inte Senn of Cues, 


LEMMA v. 


If a Series of Biquadrates, whoſe Roots are in \ Arithmetick Pro- 


_ -greffion, beginning with a Cypher, &c. (as before) be infinitely 
bs 75% the Sum of all the Terms in ſuch a Series will ” 
1 4 | 
The Truth of this may be manifeſted * en 
the foregoing Lemma's, and ſo on fr lain Powers, But if any * 
one deſires a farther Demonſtration of theſe Series, he may (I pre- 
ſume) meet with ample Satisfaction in Dr. Walks's +Hiſtory of Abe. 


5 . * 78 and 79. within the Doctor concludes with theſe 


66 Thus having ſhew'd, that in a Progreſſion of Laterals (or 


© 5. 6 Terms, is always equal to half of ſo many times — * | 
6, b and there being no Pretence of Reaſon why we Id 
6 then doubt it in a Progreſſion of 7. 8. 9. 10. &c. we conclude it 
cc ſo to be, tho ſuch Number of Terms be ſuppos'd infinite. 

: M "4b in a Progreſſion of their Squares having ſhew'd, that 


© in 2. 3. 4. 5. 6 Terms the Aggregate is always more than one 
« Third of ſo many times the greateſt, and the Exceſs always ſuch 


* 


| « as the Number of Terms do increafe will become lach 


& {mall (or lefs than any aſſignable) we conclude (from the Me- 
* :thod of Exhauſtions) that, if the Numbet of Terms be ſuppos'd 
<-imfinite, fuch Exceſs muſt be fappos'd to vanifh, and the Ap- 
* gregate of ſuch infinite Ne W equal to 3 of ſo 
„ many times the 
..* In like manner having proy'd that td Prana it oe 
* doth (as the Number of Terms encreaſes) appr roach infinitely near 
* to 2 of fo many times the greateſt, and of Biquadrates to 3, and 


—_ ſo of Surfolids $0.5 of ſo many times the greateſt, and ſo on- 
* wards as we pleaſe to try ; and there being no Pretence of Rea- 


* ſon why to doubt it as to the reſt, we may take it as a ſufficient 
« Diſcovery, that (univerſally) the Aggregate of fuch infinite 
* Progreflion is equal (or doth approach 22 near) to ſuch a 
* Gy ſo many times the greateſt, as is denominated by the 
Exponent (or Number of Dimenſions) of ſuch Power (as is 
that according to which the Progreſſion is made} encreas'd by 


6” 1. namely, of Latera 1; of Squares 33 of Cubes 4 of Bi- = 
4 quadrates +; (of ſo many times the 3 2 


46 e. 


This Diſcourſe of the rr mie 
ſappoſing it may give ſome SatisfaRtion to the Learner, to hear fo 
Great a Man as Dr. Walks Ar about the Truth of theſe 


Series, which I have briefly deliver'd in the "foregoing * 
LE MMA VI. 


If ende Bake of e bark ahicns bens 


ber of Terms (whether Finite or Infinite) it will always - 


 - \ As the feſt Tenn'of one Series 2 is to the firſt Tam of the 
25 : ſo is the Sum of all the Terms in the one Se- 


res: to the Sum of lt the Terms in the other Series = 
33 e 


ey 20% As 


- O82 _» #--L- IL rasse 1 


* 
LE ca ca 


3 21163 And q : 5 14565 1529 6. 
ication of theſe Lemma s to Geometrical 


5 That every Lineis fappoe's l 1 4 en 
N Points. uy 
2. A Surface (viz. the Area of any Figure) to conſiſt of an ink.” 
' Serjes — l either teight or crooked, according as the 
requ F 
5: A Solid to conkt of an infinite fries of Plains or Supericies, 
| 3 its Figure requires. | 
Not that we ſuppoſe Lines, which have really no Breadth, can 
A or Superficies ; dt that Plains, which have not any 
neſs, ext conſtitute 4 Solid: 8 what we here call Lines 


© 6 5 that 
— — (which ate lah bd yes Lines) 
all taken ; muſt be equal to the Height of the pro- 
pod d Solid. Now, in erder to render this Hypotheſis as eaſy for a 
Learner to underſtand as I can, I ſhall here propoſe a very plain and 
familiar 3. Viz. Let us ſuppoſe any Book to be compos d 
(or made up) of 195, 200, 300, (more or leſs)” Leaves of fine 
Paper; ſuch a Book, cloſe put together, will have Length, 
Breadth, and Depth or Thickneſs, and 8 (not impro- 
i a Solid; and. each of its Edges (being evenly un . 

a Superficies compos'd of a' Series of ſmall Para 3 
Cw} Car their inde beng only the Bilge of » fangs Lu 
of | Paper; and if we conceive the Thickneſs of every one of thoſe 
Leue un be vided into 10, Ff or $009: Ec. or vi will 
then 


then — ſuch a Series of infinitely ſmpll Lines as are (by the Hy- 
potheſis) ſaid to compoſe or fill up a Superficies. And all the Su- 
perficies of thoſe infinitely thin or 'r divided Leaves of Paper will be- 
come ſuch a Series of Plains, or Superficies, as are ſaid to conſtitute 
2 Solid, "viz. fuch a Solid as the Bigneſs and Figure of tha Book. 


Now according to this Idea of Lines, Superficies, and Solids, one 


may, without the leaſt Prejudice to any e e admit of the 


[| 


N N 
LE "De fi iti 5 ; 
I. The Area's of Squares, and all other Parallelogracns, 
por'd or fd up with an e Series of equal Right Lines. 


II. The Area of every 


Series of Right Lines parallel to its Baſe, and: — 8 
until they terminate in a . nin 


EE 
"Ee 7 +7 


III. The Area of a Cirele may he. compas'd ere; ent 


Series of concentrick or 2 — or of an infinite Series . 


IV. The Area 3 Elliphs e Aer of al 1. 
nite Series of Ordinates ri Lon 


Ky api, or F f 
Right Lines parallel to its ter, 75 


ranſverſe Diameter 


V. The Area's of the Parabils and 


an infinite Series of Ordinates; or alſo be ary Dy a 
Ray (cle ASS Se. = * 


* n 9 


VI. A Priſm is a ſolid Body EE LOR: vichin be 


ral equal Parallelograms, having its Baſes or Ends equal and alike; 
21 We eee deres 
* 1 na. 


. 
" * 3 
* 14 


vu. A ee De) Pl ae e d 
ed withiſuxequal ſquare Plains, «ad 2 


3 
16 


VIII, A Parallceipiden is a Prif that bath in Sebonddor | 


Ne F oer + 


F 
| ROS. 


+ Yi SW 4 


IX. A Cylinder (or Sola, — ® Guodes) 


y 6 ound Priſm, having its -——— = 


4 a nf 4 : 2 w * 8 a * * 4 TY RT % 7 \ e A 
4 ; * ä 2 | — 2 * * 4 "x" a * 1 - C "A 2 dead * wb 4 * £4 4 N * 5 "BH bs. eu \ p 
— 1 N — n 4 11 ha „ n * x ** A A | 8 ” * — * r 8929 b; , 4 * 7 * * * * 
. is = « © 9 bg 
= N bh 
g 
n 4 q 1 : Jn c * 
= bY G * * 4 1 5 1 = . 
a , , 
2 = 7 * 9 , * 
22 of 0 | 
* * a 7 1 \ - 
4 \K \ . 
„% . 
— — — . — CE TOCCCCCIIY 


plain Triangle is compos d of an infinite 


— 
| 8 week 
; $33 


* This S of by Priſm is compor'd of an infinite Se- 
ries'of & equal Plains, el and alike: to that of its Baſe. 

XI. A A Prraniif is A Solid bounded or included within ſeveral 
plaia Triangles ſet upon any yg Folygonous Baſe, baving their ver- 
deal les all meeting e in a Point, called the Pirie; and 

takes its Name from the Figure of its Baſe, viz. if it has a ſquare 

Baſe, tis call'd a ſquare Pyramid; if a triangular Baſe, ts cal'd | 

a triangular Pyramid, &c. | 
XII. A Come is only a round Pyramid, which hath been already 

defined in Page 355, &c. 

XIII, The Solidity of every Pyramid i is compos'd or conſtituted 
of an infinite Series of Plains, parallel and alike to that of its Baſe, 
equally decreaſing until they terminate in a Point at the Vertex. 


XIV. A Sphere or Globe (viz. a Ball) is a Solid bounded or 
_ included within one regular Superficies, being form'd or genera- 
ted by the Rotation of a Semi-circle about its Diameter (call'd\ 
the Axis of a Sphere) and its Solidity is compos'd or conſtituted 
of an infinite Series of concentrick Circles, whoſe Diameters are 
3 22 Pregroterapdgewrky 


. $ (or Egg like Figure) is a Solid bounded with 
perficies, form'd by the Rotation of a Semi-ellipſis 
— = its Diameter, (call'd the Axis of the Spheroid) 


a and its Solidity is conſtituted of an infinite Series of concentrick 
| Circles, whoſe Diameters are the Ocdinates of that Ellipſis od 

; which it was form d. 

4 XVI. There is another Sort of Solid call'd an Oblate Spheroid, 


being form'd by the Rotation of an Ellipfis about its Conjugate 
Diameter, and it is like a flat Turnep. | 
XVII. If a Semi-parabola be turn'd about its Axis, 'twill form 
a Solid call'd a Paraboliet Gongid, being compos d or conſtituted 


of an infinite Series of Circles, whoſe Diameters are the Ordinates 
of a Parabola. 


XVIII. If a Parabola be turn'd about its Baſe, or ca Or 
nate, twill form a Solid call'd a Pyramideid, but moſt commonly 
A is of Circle: hols Di will be conſtituted of an 1 tha 

ries of Cir Opmerers are Ri ht Lines parallel to 
1 Axis. 2 i FE 
| XIX. If an H erbola be turn d e twill form a 
Solid call'd an balick Conaid, being conſtituted of an infi- 
— af VR whoſe Fiore * the Ordinates of the 


e . 


ths rn nn 
rems; 1 if they wee diligently d with their 
reſpective Figures, it muſt needs be of great Help to the Learner, 
and would render all that follows very eaſy ;* wherein I ſhall be- 
— 1 


THEOREM * 


The Area of every Right-angled Parallelogram i is obtain'd by IVY 
| plying the Length into its Breadth, 


That is, BDNIFB the Area ofthe Pailelogrm BD FG, 
7 pn Ws: ils 6 G 


* 
Suppoſe: BD= 26, and FB=0 FDA 
See Prob 15 Pag. 339 © 52 e 2 


THEOREM u. 
The Area of every plain Triangle is equal to half the Area of its 
circumſcribing Parallelogram. That i in = =the ag 
a BCD, n a7 


Suppoſe the 8 C4to de died into ap info 
Number of equal Parts, as at the : 
Points a, 4, a, &c. and through . x 
thei Toon, there wa * „ 
| ight es par allel e « 
V5, (viz. bad, bad, bad, Ke.) % 

then will thoſe Lines be a Series W 
of Terms in Arithmetick Progreſ- | 
cog jt the Point C, (Uf. * > 2 
IG 2 bd, 3bd, &c. 1 ure — 

gel Term T, W mbe! of Term = 


v3 1 » 4 p N EY N T7 
v * N , 822 "Y 4 N F q 4 * 
1 2 l _ R ”d * a RET. a” + * + * a. 4 
ou v - 
: * 
, 
— 
1 
* 
* i 
- 
* 
* 


and the A Cab will be like to 4 CAB. 


Circle be 2, its Peri 


add - ns 


ä — 4 2 '" "= 250084 "IT. 8 Py , 
** * oY - LO 4 rn , , _ 7 Ly " 
N "I , * « -=5 
"4 „ 
9 
* 
4 = \ e.. » 4 
: 
* 


"But ir And e Tanger Area 
by Definition 2. E. D. 2 5 
Let BD= 26, and CA 9 as. above; then 


un X 9 = 117. Or thus 26 X 2 = 117 
the "Area requir'd. [See Problem 3, Page 330.) 
THEOREM III. 


The Peripheries of Circles are in Proportion one to ap as their 


Diameters are, 
=  Demonftratjon. 
Let the Periphery of a Circle be divided into Number of 
equal Arches by Right Lines drawn from — 
the Center (v:z. Radii) ſuppoſe em 8, 
as in the annexed Figure, wherein 4 B » OO 
is one of them; then, if thro any Point 
in the Radius there be drawn a concen- 
trick or parallel Circle, its Periphery 
will alſo be divided into 8 equal Arches 
by thoſe Radii, one whereof will be a ö, 


Therefore C « : ab::CA: AB, or Ca: Ci: ad: 4B, | 
conſequently 2 C4: 2 C A: 8258 1B. But 2 0 24. 


a whoſe Peri phery is 8 ab; and2C4 


=D A, the Diameter of the 9 whoſe Periphery is 8 1 B. 


Therefore, &c. 2s by the Theor Q. E. D. 


8 
In Chapter 6, Part III, it was found, that, if 1 I 


2: 6,2831853, Sc, 221: 314159265, Ce. the Periphery of 
the Ge whole Di Diameter is 1. 


Hemer it follows, that becauſe Unity, or 1, may be made the 


| eſt Termin the Proportion, therefore 3,14159265, Cc. may be 
made a conſtant or ſettled Factor; which, being multiply d into 


any propos d Diameter, will produce the Periphery of that Circle. 
Note, Inſtead of 35141592053 Sc. it may be ſufficient to take 


* * 


or, 


will be 6, 2831853, &c. Therefore, 


4 8 d Fart 

Or, n n 
A 7: : Diam . : Periphery 2 3 
07113: 355 2 Feriphery nden often uſed in com- 


Nr 5 
The Area of any Sector of a Circle is equal to balf the Rolfangl- 


of the Radius into ite Arch That i is, SEED = the Arca 
of ACP, 4 


Suppoſe the Radius C4 to be divided inta an infinite Series of 


equidiſtant Points, as 4, e, 5, &c. and 
thoſe Points there were drawn con- 


centrick or parallel Arches, as ab, d, 5 Aa | 


ogreſſion, beginning i che 
Point C (viz. o, 12 3. Oc.) as plainly ap- 


_ pears. * * gr | 
Term is A BTL, and Number of Terms is 
 C4=N. But 3 NL = the Sum of all 
the Series, by Lemma 2, and S=the Sectors 
Area, by Definition 3. Q. E. D. 
© Example. 
| Let the Radius CA=12, andthe Arch 4B=8, E 


248. 22 8 48. or 12 v Arca of th 
=4 70 * X 48 


THEOREM v. 


41; 4 hor og Circle i is equal to hah "the Refangle 6 "the Radios 
into its ' That 1s, according to Archimedes, @ Circle 
1 382 to 4 2 Triangle, whiſe Sides containing” the 
Right-angle are equal, one to the Radius, and the other fo the 
Perimeter of that Circle. Pro. 1. de Dimenſione Circuli. 


Tbe Truth of this Theorem may. be cafily deduced from the 
laſt thus ; If we ſuppaſe the laſt Sector to be one Eighth-part of a 


Circle, then it follows, that ELEXCI a, AB CA willhe 


the Arca of the whole Circle. But 4 4:B = half the Circle's pe- 
riphery, enn eee, As per 
Theorem. . 5. 
Example. | 


cke N. ies inferiy'd Circle, - 


4 
2 
4 


1 1 4 


IF the Diameter be Vnig 0s 1, the Parigher will „ 
Dc. by Theorem 3. Then 5 X += 0 78539916, 
Nc. (or 0,7 854 for R Uſe) w will bethe Area of that Circle, 


A the Perimeter . the Sum of the four Sides) 


Propottion any Square: is to its Atea : + fo is the Peri- 


, of the inſeribꝰd Circle: to its Area. 
That is, ſuppoſing AB=D= *** e 


the Diameter of its inſcrib'd Cirele ; * 


2 E 
e Square, 1416 D= the 
55 #:% the Erde by |; Log Db 

45 DD; 3400: iN 
N r 35 And. if 1 1 

e e Then 

15 I : : 10,7854 &c. as in the Exam- 
above. And from hence.may be ca- 80 


| * deduced the IP Theorems, X WY 4 ; = " | ; 17772 
ag T. HE OR E M vi. : 
The Area's all Circles are is Propertion ans ts anther as the 


uares of their Diameters; (2. e. 12.) 
For if D=the Diameter 6f one Circle; and d=the 8 


of another Circle, then will 0,7844 DD be the A of one Cir- 
dle, Lei bed era of the ocher Girek; as a- 


bove. But 0,7834 DD : 947854 dd: : DD: 44. Or thus, let 
D= the Diode — eee 


the Diameter, and þ = the Periphery of anather Circle; 


Tal: I 


4X3 2 es the Ajes of tho when CH: 
=: La 

FE 

grey 


1 4 5 Pz Dr 4, the Ares of one/Citele." 


"2 e 


4744 that is, D D244 
—— or 4: a::DD: 4d 


— N D. 
Hence it follows, that beende the Scar * 
1X 1 2 i) and 6 Ec. or 047854 is the Aren f the 
Circle whoſe er is 1 (as before) 3 it will be 
1 20, 7854: : fo is the Square of any Circle's Diametct : to its 
Area. And becauſe 1 is the firſt Ter in the ion, there- 
fore 0,7854 may be made a"conftant Factor; wh being mul- 
into the Square of any propos'd Diameter, will produce the 

Area of that Circle. 
Note, The four laſt Theorems do plainly ftiew the Reaſan of 
eee which, for 


Iu 


N 44 41. - , wi 
* 
* & ® 7 _ 
x 
« 
_— 


- Probl. i Die As, to P. 
113,146: : PP, c 5 
213.1416 D = 5 K | 

" 1 Ihen 41 
= N — — 1 


44 n 
; 43 Ne ee = 
_ SN 32 1024 ae £1 | LA. el). - 


NOT al 3 126 1) Probl 3. P being given, ap * 1 1 3 
2 — 5 D= Or —ç— 9 

* 3,1416 therefore 0; 38 3B. 
—— — 


202 


* 


-Q_ y. 5. 6 7 ce 


2K *. 


2 x = 
| x 2 


: K * 
| s——— 
= 


* ay. pm 96 * 


1 Prob. 4. P to find . 
T2 propa 


„bb 986965 or o, 10132 PP D 2 
| A | 
ese eie le vo 
reg 5732 
| 8 
9 Se se: or 6, 10132 PP= 1,2732 4 


16 


12. 8 


, or o, 7957. PP=4. 


e — — — 
R Þ 1 - Prob. 5. "A being given, to find D. 
[11 


r 3 * ee | 


x Ke. 12 D, 566d, or PP = 4 


TY 


5 — 12,5664 4 orP — 


3 ah. nt. 1 8 


—ͤ 


** 


: Nee fox Probloms contain all | the Variety that 8 


[ae OR SO eben, m. and Area of any 
SS * or Part 


of a Circle cut off by a Chord, that War will requine = fithoe G 


Confideration. 


Fin, As to the Data there muſt always be given the Diame- 


ter; or, either the Periphery or Area of the Girele, | in order to 


find the Diameter. | 


Sbm, There ht alto he gives, either the Chord, which | 
ſed Sine, which is the Height 
, or AF, in the lowing 


is the Baſe of the H, or the 


of oh. e That is, either B 
eme, muſt be given, that ſo the Area of the a BCG may be 


de taken from the Area of the Hor CB AG, the Re- 

Will be che Area of the Segment B AG. And if the Area 

the Seginent B AG be taken from the whole Area of the Circle, 

tho maine will te rt th other Segment DEE, 

det diode . | * 
„ 6 _ 


1 N , 1 * N 
\ Y 9 i # yp 9 1 FOO 9 n 
q * a 1 * 2 * a tb} TIF , | 1 has ny N af 4 75 a n 
* CAE — \ * . a - 4 F dd SF a 4 SY 
G * — %s £ v * 
4 a a - * - N * L 05 . * 7 % 
* 


_ Then it's evident (by the Figure that, if the Area © * 


f 4 
1 to 0 
a * . 5 — 
- Py 4> ; * 4, £1 
F * bY” . 2 pe > Dre e 


o 6 » > . 
Ars. FOI ENS 22 
"I. , m : 8 


W DA= 2. asin 
Prob. there be given P.4= 1F=6; 
then 2 DA=BC=CA=16, and _ 
CA ASC * But B 
—DOCF=D BF. Conſequently 
Nr, viz. / 156. 
12,49=Þ F. 

Then, by the Do&rine of plain Tr; ri- 
45 | angler, the Arch BI SECS any . 2 
de foundin and Decimal Parts. 


Hs the Cirdle's Pandders i= 
equal Parts (according to the 
þ way io in Degrees 590 SBC4) : 
Lin equal Parts... A 
That is, 100,312 . 51, 2 1 8 . 
8 la 229,254, Sk = BEAG ; 
aud 12,49 x M ns wdper ors”y Their Dif- 
_ ference 104,3544 = the Aria of the dm. BAG. 

Or the Area of any may be otherwiſe found (as moſt 
_ uſually it is) by a Teble of the s of a Circle, whoſe Area is 
| Unity, or 1. The Conſtruftion or making of ſuch a Table is very 
well laid down in Mr. ——TP Hs 
Prins We this Problem. * LN ED 


- : * 


„ PROBLEM +4. 08 


Laenge. Area it Unity, and its Diameter cut by Chord Lines 
inte 1000 equal Parts, „ 
arts. 


the Jane doch 


dd, ot exceeding 500 of theſe equal Þ "IK Gong rf 
the verſed dias propos d by 0,603 — 
e . * * | 3 


Fat: * 


iy 2. This Remainder you ſhall ſeek in the common Tabb;of N: 
* | f 7 „ (the Arch Pens divided into eres and C 
_ © OCT let its Co-arch be ubled, and 

MD gp, oy Sine 0 45 


1 n l and then it holds 6.831859) es 


P 


of this Problem, par > 0 or en rs there 
ſpoken of cannot be truly found in the Table of Natural Sines ; 
therefore in this Caſe my Advice is, that you make two Opera- 
tions, one with a Sine the next greater, and one with a Sine the 
next leſs ; and in ſo doing you will be ſure to have the Segment re- 
quired bounded between the Reſults of thoſe two Operations. 


. Example, Let it be propoſed to find the correſpondent Segmpnt to the 


verſed Sine 263. 


_— 263 0,002 = 0,526, and 10,526 = 0,474» its 
Arch is 28,29" being leſs than juſt ; its Complement is 61,71? A 
which, being doubled, is 123,42 = . 
Then 10174533 A=2, 154086286 

So, 8346556 8 the Sine of J. 


6.831853 73 1231943 4.30686 (0,209993 the Segment. 
1 aft ſecond Work. 5 
| 263 being multiplied 1 0,002 is * and 1 5262, 474 its 
Arch is 28, 300 being greater than juſt; and its Complement is 
61,0%, which being doubled is 123,4 = 4. Fl 
Then 0,0174533 4 — 372 
478 = $ the Sine of A 


babyils 2 A8 (o, 20990 the Segment. 
two Operations that the Segment is bounded, 
tis very bah it may be o, 20995. 


But to abbreviate this e Factor, and this large Diviſor, Iſhall i 
here inſert two Tables of which will be ready for Uſe, and 
1 þ too. | at 


mate | Fafter. 11 Thus far, Mr. Darie, which I 

6,2832 [1 | 50174533] have here inſerted to ſhew the 
1 |; Learner how, by the Help of 
18,8405 3 1,0523599}3} theſe two Tables, and a Table 
. 12591327 [4] | | | of Natural Sines, he may eaſily 


make a Table of Segments, whoſe 
Uſe ſhall, be ſhew'd farther on, 
43-9 9923 vix. „„A IT eons of 
150, mean 
- $a 2 
4 P ther Method to find be 4rea of 
2 _—_ C882 any 


31,4159 
(3756991 


* 2 


2 — err hug 


== au 


— 
412 
any Seqment of a Circle (very near) — 
hy Help either of a Table of Sines or Segments, having he aue 
Data as before in Page 40. 
R= the Radius, or £ min of the Den Dab 
Vie. Led 4= the Difference between he verſed Sine and Ru. 
C= half the Chord of the Segments Baſe. 
253RR— I; RA -A 


| Theozem. ; 1 TR-Ea 7 - X C=8, the Area of the a. 8 
Example, Suppoſe R = ern, 1e = 204 and- 5 


 C=BF= 12,49; as before 


Thben aj RR 59773333. 1777333 ps 100. 


— 32 2381 7 RA ad 


1A R＋T d= 34 284, 000 (8, 3529. deres“ 8.3829 Xt 
= 10443276 the fra of the — 5 5 as before. 7 


THEOREM vil. 


4. Santis are to the Area's of their inſerited Circles, ſo are Pa 
— to the Area's of their inſcribeũ Ellipfes. 


As the Square of the Diameter of any Circle : ue 


That is, 1 Area : : ſo is the Rectangle of the Tranſverſe and Con- 
jugate Diameters of any Ellipſis : to its N , 


Circumſeribe an y Elipfis with a Circle ; ie an ie 


Number of Chord. Lines drawn. therein, all parallel to the Con- 

jan Diameter, as thoſe in the annexed Figure ; then it will 

4s (D A) the Diameter of the Circle: 1s to (N n) the 

be Conjugate Diameter of the Ellipfis : : is (Ba B 227 | 
Chord in the Circle: to (ba ö) its reſpeive 2 nt 

Elk | 

| . | 
Fi—TaxToe=0 Ba.. 

the Property of the Ellipfis 

AC: q NN] = 

ere: ONC: : 684: GAD 

Te: N:: 82:12 gon 

2TC: 2 N 45 

DA: Nn:: BAB: bab 


D: 4: anne: on en, ae 


ss 1 


2B => 


1D=2TC,,atd=2NC A - . N 


E 


hat the Sum — an — ate Cherds, wBo B, do 
conſtitute the Area of the Circle, by Definition 3: and the Sum or 
the like Series of their reſpective Ordinates, as h ab, do conſtitute 
the Elio: Area, by Definition 4. Therefore D: d:: Circle's Area: 
Ellipfis's Area, by Lemma 6. But D: d:: DD: Dd. Whence 
it follows, that D D: Circles Area:: Dd: Ellipfs's Area. E. D. 
Conſequently, as 1: is to o, 7854: : ſo is the Rectangle or Produc; 
of the Tranſverſe and Conjugate Diameter: of any Ellipfis : to its 

ea. 

Example, Suppoſe T8. 36. and Nz==16 ; then 35 x 78 
and 576 * 0, 7854=452.3994 the Area of the Eligſi. 


Corollaries. 


I. Hence it is eaſy to conceive, that the . Root of as 
Rectangle or Product of the Tranſverſe and Comugate Diameters 
will 4 the Diameter of a Circle whoſe Area will be equal to the 
Ellipfs's Area, viz. 576 = 24 the Diameter of a Circle = to 
the Elli 
E * 88 of an Ellipfis and i its circumſcribing Circle (whoſe 
Baſes are parallel to the Conjugate Diameter, and of the ſame Height) 
are in Proportion one to another, as their Baſes are. That is, 


BaB:bab:: Area Segment B NB: Area Segment ö N; or 
TS: Nur: Area Segment BNB : | 4rea Segment b Nb. 


 T'WEOKEM VIII. 


The 1 every Ellipſs ; is a mean Dan Las the Arex's 


of its circumſcribing and inſcrib d Circles. 


| The Truth of this Theorem may be einn deduced from the ft; | 


for ſuppoſing D=T'S, and d M., 1 : 

as before; then it is already proved, * N 3 
that DD: Dd : : circumſcribing B. 
Circle's Area: Ellipfis's Area. But 5 . 


"> mn 1 4 iy % : ö * 7-0 — Wee * 0 * * 4 * 

A . W ; K 9 18 , * * TO \ a . enn 5 * * F | oh. 
* hs 1 dh j 2 * * 5 * — * * * * F J \ 1 * 3. * p y ey 9 * '4 as of . 

* * q l 1 * . N J 
"Ss . i = 
* * 
_ 2 , 4 a 
G IS" \ YZ _ & ; 
1 4 _ ” — 
+ hs ” 4 1 o 
A i > 
J . * 0 v q 
| 1 3 a 
. 


DD: Dd:: Dd: dd. Therefore 5 
Ellipfis's Area: mſcrib'd Cirrlis A. * 
: * * * 6. > 


Jo \ Let TS= * a -16, before . 


= 1296, and dd = 256. 


5 the great Circle's Area 
Qt 3947 42 201 — the leſſer Circle's Area. 
A==the E 5 Area; then, to the Theo- 


E it will be, 4: 4: 201, 24. Ergo A A= 
1017, 8784 K: 201,524 = 204657, 07401216. 


dy 
1204657, 5401216 452, 3904 4 ——— 
K 


9 00 Corollary. 
Fi hes be follows, that all Syqments of an Blige x0d its 
* mſcrib'd Circle, whoſe Baſes are paralle] to the Tranſverſe Diame- 
ter, and have the ſame Height, are in Proportion one to another 
. as the Area's of the Elyſe and Circle are, That is, Area of Cir- 
cle: Area of Ellipfs : : Segment bN6: —_— Or, 
V.: 78; : Area e, V; Area A BN B. 


THEOREM IX. 


The Solid Content of any Pri (what Figure ſoever its ts Baſe is 
2 22 W 


Fo Inf ,aP eonſtituted 
ts e pin 


its Baſe B A being one of the Terms, and its — — 
Height D B, or G A, the Number of all tee 
Terms. Conſequently, the Aren 1 1 
B B=the dun of all the Series (b 27 3 
which is the Solidity of the 1 wy” 37 
B — — 
Example, Suppole the Side of the Baſe B 4 . E 1 


= 16 and the Height D B== 42; then will! © : 
16 X 16 256 be the Area of the Baſe, and : 
a rer the Sis 
3 Paratlelopipedon DBGA © 
r 120 my 
n Prifins, _ 
Form ſoever they are of, that 


A e d 


THEOREM x. 


| Bvery Pyramid i the third Part of the Priſm, that bath the ſane 

1 Baſe and Height with it. (7. e. 12.) is 
| © That is, the Solid Content of the Pyramid BY 4 (in the ul 
E e 30 f. 1 


Wenn "=" 
every Pyramid that hath « ſquare Baſ (as B4ba,in the kf 


ade is conſtituted of an innite Series of Squares, whole Sides 
or Roots are continually encreaſing in Arithmetick Progreſſion, be- 


g at the Vertex or Point I, (See Theor. 2) its Boſe B AB a, 
beg the greateſt Term (LTJ anda perpendicuer Hair VC. 0: | 


DB, is the Number of all the Term; but = g the Suze 


of all the Series, by Lemma 3, and $= the Sol Content of the 
Pyramid BY A, by Defin 8 x 


E | Suppake the Side . 2) yramid's Baſe be BA= 16, 
and its abt be VC = La Then 16 x 16 = 256 the Area | 


is Boſe BAB#=a, and23X@ = 3584, Or Wx42=3584 
ws do r r BY 4. 


- From bins it will be ealy to conceive, that every Pyramid a 


el ts eveanſeriing Friſe? what Form ſoever its Boſe is of 
viz. * it be a Square, Triangle, Pentagon, &c. | 


THEOREM XI. 


The Solid Content of every Cylinder i is obtain'd by mabiphing the Area 
= of i its Baſe into its Height, 
every Right Cylinder is only 2 round Pf ttt ores, 
Priſm hob conſtituteMof an te Serie.. 
of equal Circles; that of its Baſe or End be- 
ing one of the Terms, andits Height BD is the 
Number of all the Terms. Therefore the Area 


of its. Baſe BA, being multiply'd into DB, . 
will be its Salidim, by Lemma TI. viz. Let D 3 
B 4, 1 Tn 0/7S54 DDXH ZE 


"Hows, Lie the Diameter of its ; Boſe be D = 16, and its 


Height Az 42. Then 1: . 07 $545: 126% 16 = 250: fan yr 


the Area. of its Baſe. And 201,0024 X43 6208 the 
Solid Content of bs DBGA. e 


Hence 3 it is 2 evident, that every radi Parallelopipedon i is to its 


inſcrib'd Cylinder, as 1 f is to 0975854. Or in whole Numbers, as 


452: to 355 very near. And that all Pri/ms are in Proportion to 
nfo Cylinders as the Area's of their MOD 


"THEOREM xu. 


The Curve Superficies of every Right lader i is EO the Ret? 
* angle made of its Height its the Porphry of its Boſs | 


That is, D B, multiply d i into the Periphery of the Diameter 
B 4, will produce the Curve Super ficies of the laſt Cylinder DB 
G 4. For the Cylinder is conſtituted of an infimte Series of equal 
Eircles (according to the laſt Theorem.) Therefore its Curve Su- 


ficies is compos d of the Peripheries of thoſe Circles, by Definition 


er, 
20. But the Periphery of its B LB 4's one of the Term, and 


its Height DB is the Number Therefore, &c. as by 


2 its Height -D B== 42; as before, then 1: 351416 : 


n of its Baſe. 
=35 201,0624 the Area of each E or Baſe. 


Then 50, 2656 x 422 2111.1 $62 the Curve Super ficies, t to 
| whichadd FRENIERER 2 402, 1248 both. the End Area s. 


* The en i Spare» of the 


"rf 


whole Cylinder. 
5 THEOREM: l. 1 240 50 


1 


| Every Cone is the third Part fe Cylinder, bein he one Be 


with hs ond om ec r- (10. e. ra.) 


* 9 N #7 


23 ene, A 


lt 
* 


. Lemma 1. To which, Ln of both its 
Ends (or Baſes) \ the Sum will be the Superficies of the whole Cy- 


l Example. Suppoſe the Diamiter of its Baſe to de A. 1 
10,7854: $593 


| F 8 I OV , * 8 N wa * n 2 * \ | N ah ? : 4 * 
* y * 1 a * ** , 7 9 * 5 * * n - * 9 TO. IE K 5 rn * ren = , 
5 L » * * ee * 4% r 5 * "FE : . * * 9 h "7 
n Y 1 $ b 2 * 

- i 7 a 

Y | 

% Fd * . 

_- > = . 
— mn—— "7 
* F 4 — 

* 

. * 3 N 4 » # * 0 * 
8 „ 
70 1 
* ; 
. » > 
2 | | n 
— 
* 
= .. 
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7% Demonftration. 
The Truth of this Theorem may be eaſily conceiv'd by only 

conſidering, that a Cone is but a round Pyramid, and therefore it 
muſt needs have the ſame Ratio to its circumſcribing Cylinder as 
the ſquare Pyramid hath to its circumſcribing Parallelopipedon, viz. 
2s 1: to 3. However, to make it yet clearer, let it be farther 
conſidered, that every Right Cone is conſtituted 
of an infinite Series of Circles, whoſe Diameters - 
do continually encreaſe in Arithmetick Progreſ- 

fon, beginning at the Vertex or Point V, the Area 

of its Baſe B A being the greateſt Term, and 
its perpendicular Height p C the Number of 
all the Terms ; therefore the Area of the Cir- 
cle BAX VC will be the Sum of all the Se- 
ries, by Lemma 3, which is the Cone's Solidity. 


Example. Let the Diameter of its Baſe be U 2 4 
B A =16, and its Height / C = 42; Then bs 
IT :0,7854: : 16 Xx 16 = 256 : 201,0624 the Area of the Baſe; 


and eee = 2814,8736 the Solidity of the Cone Ay. 
Or thus, 201,0624 * 2 = 2814,87 36, &c. 


5 Corollary. : 


Hence it follows, that every ſquare Pyramid is to its inſcrib'd 
Cone, as 1: 0,7854. (Or as 452 : 355) conſequently, that all 
Pyramids have the ſame Ratio to their inſcrib'd Cones as the Area's 
of their Baſes have. e 1 


THEOREM XIV. | 
The Curve Super ficies of every Right Cone is equal to half the Ref- 
angle of the Periphery of its Baſe into the Length of its Side. 
The Truth of this Theorem is ſelf-evident from the Definition 
of a Cone, Chap. 1, Part IV, where it appears that the Curve 
Super ficies of every Right Cone (as BY A) is equal to the Area of a 
Sector of that Circle whoſe Radius is the Side of the Cone (FB) 
and its Arch equal to the Periphery of the Cone's Baſe (BA). But 
the Area of any Sector is equal to half the Rectangle of the Radius 
into its Arch, by Theorem 4. Therefore, c. 


Hh a 


1 Ty " 0 " 
N * 2 w T7 N s "= I 4 . N - <li 
ad * , * 2 . 2 ** 3 S T3 1 0 8 3 * . 1 * 
N * 4 * C 9 


e 


— — — — 
" The Avithmetirk of Jnfinites Part V. 
Example. Suppoſe the Length of the Cone's Side to be VB, or 
VAS 42, 7551, and the Diameter of its Baſe, viz. BA 16 
(as before) then will 50, 2656 be the Periphery of its Baſe, and 
| — LS, = 1074,5553, Cc. the Curve of the Super- 
fictes; to which, if there be added the Area of its Baſe, the 
Sum will be the Superficies of the whole (viz. all the) Cone. 
That is 107445553 
＋ 201,0624 the Area of the Baſe. 
- Sum 1275,6177 is the total Superficies, xc. 
Note, The Truth of this Theorem may be prov'd from the Conſi- 
deration of the laft Theorem, and Definition 20. FE 


Scholium. 55 
From the roth and 1 3th Theorems may be eaſily deduced ſeveral 


Theorems for finding the ſolid Content of any Fruſtum or Part ei- 
ther of a Pyramid or Cone, cut by a plain Parallel to its Baſe. 


418 


a 


Suppoſe a ſquare Pyramid, as BY A, to be A 
cut by a Plain at à b, parallel to its Baſe LY 
BA, and it were requir'd to find the Solidi- 
ty of the Fru/tum or Part ab AB; let there 
de given D = BA the Side of the greater 
. Baſe. d a the Side of the leſſer Baſe. : | 
' H = CP theperpendicular Height. \ 
. q PM ET 4 


Firſt, | r|D—d:H:: 4: 3 =/ C by the Figure 
Then be = the whole Pyramid B Vl. 


2 
| 
4 By Theorem 10. 
: And 3d AV the Pyramid a F cut off. 
and ts 35 = be Pran. 
4 D = the r 4 B. 


THEO. 


404.3 
3 * H GDF H = Fthe Pruſlumab AB. 


THEOREM XV. 2 
To the Reftangle of the Sides of the two Baſes, add the Sum of their 


Squares; that Sum, being multiply'd into one Third of the Fruſ- 


tum' s Height, will give its Solidity. 


Example. Suppoſe the Side of the greater Baſe B A = 16 and | 
the Side of the leſſer Baſe (or Top) a b= 12 the Height C P = 9. 


Then 16 K 12 = 192. 16 K 16 = 256. and 12 K 12 = 144. 


Next 192 + 256 + 144 = 592. and 2229 — 1776. Or 593 


LD 3 | 
X 3 = 1776 the Content of the Fruſtum of a ſquare Pyramid. 
And if it were the like Fru/tum of a Right Cone, it may be 


found 8 _ Theorem. Suppoſing D = the Diameter of the 
e, 


2 = the Diameter of the leſſer, and H = the 
ight of the Fru/tum, then the Sum of all the Squares which 


conſtitute the Fruſtum of a ſquare Pyramid, are to the Sum of all 


the Circles which conſtitute the like um of a right Cone, in 


the Ratio of 1: to o, 864 (or of 452 : to 355) therefore it will 


be 1 2 DET ET DD + 


0,7854 D d + 0,7854 dd X 3 H= the Cone's Fraſtum, that is, 
in the laſt Example, 1: 0,7854 : : 1776: 1394,8704 the like 
Fruſtum of a right Cone. Or, becauſe 5,53; = 1, 27 32236, &c. 


Therefore it may be made 1, 27 3236) DD TDI * E 
(S the ſame Fruſfum; that is, 1, 27 3236) 1776 (1394,87, Cc. as 
before. And if you take the Triple of this Diviſor, viz. 1, 2 3236 


X 33 it will be 3,8197) DD + Dd + da: x H (=the Fruſtum, 
—__ oo ly 3 
„ 
Sappole] 1. = D —&, and F= the Fruſtum 
Then 2|DD + Dd + 4d = - by the 7th Step of the laſt 
t 3A D D- 2 DA dd 
2 — 3] 4 34 NH xx 
£3? 
5 


Dd=5—4 or Dd +3 ax =— 


Hence we have another eaſy Theorem for finding the ſame 
Hhha _ THEO- 


1 Fruſtum. | 


a. — 


— 
420 — — of — BN Part V V. 


THEOREM XVI. 


75 the Rectangle of the Sides of the two Baſes, add one third Part 
of the Square of their Difference; that Sum, being multiply'd into 
the Height, will produce the Solidity. 


Example. Let D=16. d= 12. and H q, as before f 
then D d =192. D—d=4=x. 14 = X4+ — 553333». and 


192 + 533333 = 1973333 Laſtly 19743333 X 9 = 1775» 
= . 2 of 15 Bae of the ſquare Pyramid, as before. 


An or 1968) 1775,9997 (1394,87 &c. the like Fruſtum of a 
right Cone, as before. 8 
Either of the two laſt Theorems (bein z rightly apply'd) will 
produce the true Solid Content of all Fruſtums of any kind of Py- 
ramids, that are intercepted between two parallel and alike Plains 

or Baſes : As above. 

But if ſuch Fruſtums are cut through the Extremities of both 
Baſes by a Diagonal Plain n ren 
"annexed Figure) into two Parts, Aab 7 2 > 
and AB 6b, calld Hof.; : then the Soli- 
dity of thoſe Hoofs is uſually found by 
dividing the middle Term D d of the 
Aquatin DD + Dd4 + 4d into two / 

Parts, and adding one of thoſe Parts to the 4 TT IA 
Square of each Baſe. Thus, DDT Dd x ban 
Hoof A Bb, and dd +i Dax H = the leſſer Hoof A a b of 

the Fruſtum of any ſquare Pyramid. Then 3,8197) DD ++ Dd x 
 H (=) thegreater Hoof of a Cone. And 358197) 1 5 4 XxX 
H (=) the leſſer Hoof, &c. 

Theſe are the Theorems made Uſe of by Mr. Dari, in his is Book 
of Gauging, and are pretty near the Truth, but not is in ſo; for 
they give the Solidity of the upper Hoof 4 aba ſmall Matter too 
big, and the lower Hoof 4 Bb as much too little. 
Nov, in order to rectify that ſmall Error, I ſhall here propoſe 
the two following Theorems, which come very near the Truth, an 


are more eaſily perform'd than thoſe propos di in the ff 2 55 
of this Book. 


F il, a 


Pe” a a * 1 2 
P 8 1 N < 0 % 


— 75 Vipers, and Sally 423 


— 


| Fit, DD+1Dd+D=0xt H will be be —— 

the greater Hoof A B 5. 

Secondly, 4d FE Dd TT BN H will give the Soli- 
dity of the! leſſer Hef A a b, of the Fruſtum of any ſquare Pyra- 
mid, 

And for the like Hoofs of the Fruſtum of any right Cone, it 
will be 


Thus, 3.8197) DET FZDJ+ DAN * H(=the greater Hoof. 


And 3, 8 197) J + i Dd+d—-DX H(=the leſſer Hoof. 


Note, In order to avoid many Words in the followmg Demonſtra- 
tions, let © fignify any Circle in general; and if any two Letters be 
Itin d to it, thus, O B A, &c. it then denotes the Arca of ſuch a Cir- 
cle as * two Letters repreſent the Radius of. h 


THEOREM XVII. 


The Super ice of every Sphere (or Globe) is equal to four Times the 
Area of its greateſt Circle. 


That 21 of a Circle whoſe Diameter is the Axis of the Sphere. 


Demonſtration, 


ws, any Semicircle (as ATGS) be turned or moved about its 
Diameter (T8) it will deſcribe a ſolid Body call'd a ms which 
will be conſtituted of an infinite Se- 
ries of concentrick or parallel Circles, 
whoſe Diameters are Chords, viz. O 
ab, Oed, Oe f, &c. by Definition 14. 
Conſequently; the Super ficies of the 
Sphere will be compos'd of the Peri- 
Pberies of thoſe Circles which conſti- 
rute its Salidity, by Definition 20. 

Let D T, the Axis of any 
Sphere. Then, according to the Pro- 
perty of a Circle, it 


will bei D— NI T5 2 U 
That is, 2 DJTIY -T Ua 
Therefore 3 e n 


* | The Error is 3 corrected, which Mr. F. Rebertfo ta'.es Notice of in his 
Book * 4 Compleat Treatiſe of Menſuration, Page 160. nu 
Hence 


. 


4 


Hlence ti evident, that the Se N 4 7, U T7, ) T. &c. 
are in the ſame Ratio with T 6, T d, Tf, &c. vis. in Arithmetick 
Progreſſion : W hence it follows, that the © @ T = the Sum of all 
the Circle's Peripheries between T and b, and © e T'= the Sum of 
all the Circle's Peripheries between T and d, &c. Conſequently, that 
the © 4T=theSumof all the Circle's Peripheries included between 
T and C; that is, © AT = the * of the Hemi-ſphere, And 
becuſe Ui A CTC OAT, md GAC OTC. 
Therefore © AT = 2 © ACis the Superficies of the Hemi-ſphere. 


ED 4 © AC will be the Saperficies of the whole Sphere. 


| Example. Suppoſe the Axis T S = DS 16: Then DD = 256, 
And 1: 0,7854 : : 256 : 201,0624 = © MAC, for 1 D = AC, 


Then 201,0624 x 4 = 804, 2496, the Superficies of the whole 
Sphere, Or, becauſe 3, 1416 is four Times 0,7854, therefore it 
will always be 1: wo :: DD: 3,1416DD, the Superficies of 


the Sphere (as before) ; and it is equal to the curve Super ficies of the 


right Cylinder, whoſe Diameter and Height are each = D the Axis 
of the Sphere. For 3,1416D = the Periphery of the Cylinders 


Baſe, and that, multiply'd with D its Height, will be 3, 14160 D 
the curve Super ficies of the Cylinder, by Theorem 12. And if to this 


there be added the Area of its two Baſes (or Ends) vis. 1,5708 


DD, then tis evident, that the whole Superficies of the Cylinder 


will be to that of the Sphere in the Proportion of 3 to 2. 
SGchalium. 
From the Method here uſed in proving the laſt Theorem 't will 


de eaſy to find the curve Superficies of any Segment or Part of a 
Sphere that is cut off by a Right Line or Plain, vis. ſuch as the 


Segment a T m in the laſt | 
O4 T (as above). Therefore (becauſe OJ ab+ TI DT, 
it will be © ab + © Tb = the curve Superficies of that Seg- 


heme, whoſe curve Super ficies is 


— 


But if the Axis 7 8, and Height 7 ö, of the Segment are given, 


Which gives this Proportion or Theorem; 


deen will it be T 5 K Tb UT as in the thitd Step above. 


Viz, 


„ &. as as 


-5 > as0ÞV @a 1 een ol 


F I 


* 


of Terms; therefore © AT x TTC 
the Sum of all the Series, per Lemma 2. 
re 


Ec. wherein UI 7, UI Ta, 77, Kc. are a Series of Squares 


— S — | 


As the Axis of the Sphere : is to the whole Superficics of the 
_— 7 — 


To which * . be added the Area of the Segments the 
Bum will be the Superficies of the whole Segment. — 


THEOREM XVII. 
Every Sphere is equal to two Thirds of its circumſcribing Cylinder. 
| That is, of a Cylinder whoſe Height and Diameter of its Baſe 


are each equal to the Axis of the Sphere, 


| Demonſtration, 


According to to the Work in the laſt Theorem it appears, that 
© ab, © ed, Oy /, &c. do conſtitute the 
Solidiry of the Sphere; and that U a T, 
Q 7, Oy 7, &c. are a Series of Terms 
in Arithmetick Progreflion, U A 7, being 
the greateſt Term, and 7 C the Number 


DiT— 0742 0 ed, 95 2— 07 


whoſe Roots 7 ö, T d, T /, are in Arithmetick Progreſſion, U TC 
being the greateſt Arn. and TC the Number of Terms; therefore 
O 70 x 2 TC = the Sum of all that Series, per Lemma 3. con- 
ſequently, 0 T * 1 NOF CX; TC = theSum of the 
Series © ab, Oe d, © 3 f, &c. which conſtitute the Solidity of 
the Rall pere 470. Put D=2TC the Axis of the Sphere z 
then 1 DS TC, and 3 D TC. And becauſe OD AT=2 0 
TC; therefore © 4 T= 2 © TC= = 1,5708 DD. And 1, 5708 
DD 1192 0.3927 DDD. | 
Again, OTCxiTC=0, 3 * D=0,1309 DDD, 
then 0,392 DDD—o,1 309DD So, 2618 05 the Solidity of 
the Semi inhere 4 TG, conſequently, o, 2618 DDD *« 2 =0,5236 
DDD will be the ſolid Cantent of the whole Sphere, which is equal 


to two Thirds of the Cylinder whoſe Diameter of its Baſe and 


Height = D. For 0,78 54 DDD = the Solidity of the Cylinder, 
by Theorem 11. But ; of 0,78 4DDD = 0,5236DDD z as  be- 
| fore, Therefore, &c, as by Theorem, 


Exams 


1 — — — — — — — 
- Example. Suppoſe the Axis D = 16, then DDD = 4096, and 


x :0,5236: : 4096: 2144,6656 the ſolid Content of that Sphere. 


Corollaries. 
1. Hence it appears, that the ſolid Content of every Sphere is 


equal to its Superficies multiply'd into one ſixth Part of its Axis. 


For its Superficies is 3,1416 DD, by Theorem 17. But 3,1416 x 
3 D = 0,5236DDD the ſolid Content, as before. 


2. And hence 'tis alſo evident, that there is the like Ratio or 
Habitude between the Cube and its inſcrib'd Sphere, as is betwixt 


the Square and its inſcrib d Circle; and that is, as the Superficies of 


any Cube: is to the Superficies of its inſcrib'd Sphere : : ſo is the 


ſolid Content of that Cube: to the ſolid Content of the Sphere. [See 


the Circle's Proportion, Page 407.] For if D = the Side of the 
Cube, then 6 DD = its Superficies, and DDD = its Solidity ; and 


3.1416 DD = the Sphere's Superficies. But 6 DD: 3,1416 DD 
: DDD: o, 5236 DDD the Solidity of the Sphere ; as above. 


by * Schohum. 
From the Proof of this Theorem *twill be eaſy to deduce or 


raiſe Theorems for finding the ſolid Content of any Fruſlum or Seg- 
ment of a Sphere; as a T m in the laſt Figure. For we there ſup- 


the Segment @ T m to be conſtituted of an infinite Series of 
Circles, which have the ſame Ratio with all thoſe Circles that con- 
| Nitute the Semi-ſphere, Therefore it follows, that © at x 275 


Or 75 will be the Sum of all the Circles intercepted 


between T and 5. Conſequently *twill be the Solidity of that Seg- 


ment. And becauſe UI 4b + 0: Tb=0 aT : therefore 


 ©abFOTbxiTb—O©Tbx+ = the ſame Salidity. 
Let c = a b half the Segment's Baſe; þ = T b its Height; and 

8 = the Solidity of the Segment or Fruftum : Then © ab = 3,14 

Ibcec, and O Th= 3,141 655. Conſequently, | "ws 


3.1416cch4-3,1416bbb 3.1416bbb __ $, which being | | 


| 2 | 833 | l 
will become 3c:9--bbbx0,5239'=8, Or 1, 90985 5) 3ccb + bb | 


(S. for o, 52 36) 1, 0000 (1, 909855. Which is one Theorem 
for finding the PFruftum's Solid. EY 


SA 


% , 4 
7 2 8 e NV. ” | 
; * A 4 #7 6 : by F T >. 28 2 


Ss J_ 


as before. Which is a ſecond 
a Tm. 


= beczuls! rip oppoſed that a m NK, or 
V be taken from the Solidity of tbe 


Work is a little troubleſome, I ſhall here 


„ 11: e 10:08 DOUL | 
— ZE — — — t — — 
Fa, Note, Here we ſuppoſe the Hei ht of. the Segment, and the 
Digazzrer of its Baſe, to. be given 5 but if the Ai of the Sphere, 
and the Height of the Segment be given, then putting D = the 
Sphere's Axis, h = the Segment's Height, and © as before, twin 


= 3cch + hhb. conſequently 3 Dbb—2ÞBh X 0,523 . 
the Fruſtum's Solidity. Or .1,90985) 3 D 25% (S, 
beorem for finding the ſame Fru- 


3 
& 


And if it be requir'd to find the middle Part am MK, uſually 


call'd the middle Zone of.a Sphere, then _ 


whichis all one, that þG.= © B, bee. 
fare it is plain, that, if twice the Segment 


whol, Sphere, there will remain the Mid- 
dle Zone a m NA. But, becauſe that 


ſhew how to raiſe a Theorem for the do- 
_ Firſt, Becauſe ACC=y3C=eC=aC=TC. Therefore it 


vill be 0 AC—Q Cf= D, UAC -C el. 


AC -C u, &c. Here becauſe 0 AC. U AC. 
AC, &c. are a Series of Equals, and Cb the Number of all 
the Terms, therefore II AC XC the Sum of all that Series, 
by Lemm 1. And H Cf. G. C i. O C6, &. being a Series 


of Squares whoſe Rovts are in Arithmetick Progreſſion, beginning at 


the Center vt Point C, viz. o, Cf, Cd, Gb, &c. -wherein the 
greateſt Term is U Ch, and Number of Terms is CB. Ergo U 
CNS the Sum of all the Series, by Lemma 3. Conſe- 
quently, the © ACx Cb— © CbX4 Cb= the Sum of all 
e Series OF. © ed. © ab, &c. which do conftitute the So- 


 lidity of the half Zone am AG, And becauſe 7 AC— C= 


= [7] ab. Ergo. © AC— © ab= © Ch. Cotſcquently © C 
* Cb— QED TOA TGA x+ C will be the 


| | BY PE 
Solidity of the half Zone. 


put D A0 2240 2 284 m. and H=b B=2 G . 


Then © 4 C=0,7854 DD. © ab= 0,7854 xx. And if 
we turn the common Factor „770 into the Diviſor 1,27 323, 
£ | Tit s and 


- *%, N 4 9 
0 LS | 
At > W 
= bd * 
o 1 
— . . — 1 4 44 
9 L KC * 
- 4 
: * 
La: 
= 


12 y F 

1 Pat FEY 4 N * 8 
N $54.4 : . * * 
= 
* 

1. % vr 7 1 „ 
1 * 
” "1 | 


and then take the Triple of that Diviſor, # vix. 55% 05 before i in 
the Fruſtums of Pyramids) the Reſult of the precedent Work will 
produce this following Theorem | b 
THEOR. XIX. —— * H= the 3 on 


THEOREM, XX. 


Spheres are 3 one to another as the Cubet of their 
Diameters. (8. e. 12.) 
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Demonfration. 


; Suppoſe the Fig gure E e 
preſent a od, form'd by the Rotation o Semi 
1 e Definition 1 * 
Lt D=TsS, che Length the Sher * * of its 
eircumſeribing Sphere ; ——_ Diameter 
Circle of the Spheroid. Then becauſe U TC: G ng 046: 
I 23, I N 7, theges jolt be DD. : dd: 
::00 48S: b:©0 ab, &c. But che 
of ſuch Circles av © 4Aþ(whoſe Diameters | 
are Chords). do xqaftitute the Salidity of 2 
the Sphere, (as before at Theorem 18) and © 
| the Sum of un nate Series of ſuch Cir- 
cles as © ab (viz. whoſe Diameters are: ,. 
Ordinates of the Ellipſis) do conſtitute :- 
_ the Solidiry of the Spheroid, by Definiti- * 
on 15. Ergo DD: a: 8 DD: *,.\ 
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Nom, from this Proportion between the Sphere and its inſcrib'd 
Spheroid, twill be very eaſy to deduce Theorems for finding the 
Solid Content either of the Segment or middie Zone of any Spheroid, 
having the fame Height with that of the Sphere. 
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As for leflodcs 3 Suppoſe it were requir'd to fiad the middle 
Zone of any Spheroid: Let D=TS, and d = Nn, as above; and 
Hg B, = AM, -28 in Theorem 19, and let cam. Then 


DD, Ede middle Zone of the Sphere. And mn 
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THEOREM XXIL {ut Sg H= of the Steroid 
the very ſame with Theorem 19. 
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Serie of equidiſtane Paints; as fre h, Sc. and from thoſe Points 
imagine à Series of parallel Lines, viz: Fu, gu. bp, &c. to touch 
the Curve of the Parabola, and meet the Semi ordinates ma, 1 , 


5b. &c. Then, cron to the Property of the Parabala, it 


will 


ths 
2 SA: 9 4: 1 54 ** | | L . 
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Fe | Therefore alternately it will be 
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2, P5470 | AB:dB::Qen: FWV-.- 


ee 


1, 16 0. 4B:4B:: an In, a. A,B 


In theſe Proportions U am, O en, 955, &c. are a Series o 
Sguarès whoſe Rants &, Sg. & b, &c. are in Arithmatick Pro- 
greſſion, beginning at the Point S. And becauſe the Lines Ap, 
gu, fm, &c. have the ſame Ratig, therefore they are as ſuch a 
Series of Squqres, wherein 4 B is the greateſt Term, and & d the 


Number of Terms, Conſequently © — PEE the Sum of all thoſe 


| Lines, by Lemma 3. But & A x AHS. Therefore 


e the Sum of all that Series of Lines; but all thoſe 


3 
Lines do conſtitute the rea of the Semi-Parabela's Complement, viz. 


the Area of what half the Purabola wants of compleati 
up the Parallelegram $d 4 B. Wherefore & AX A3 — 18 4 


* . in be the Ares of hull the Parahala 8.48. 
Conſequently, 3 | ; SAX) will be the 4 of the „ 


or filling 


vu þ8B. F. D. 


Example. Suppoſe * Baſe, 3 Ordinate, Fs Para- 
Bola to A. b B = 24, and its intercepted Diameter (or Axis) be 
6 8 n 1584. ans 3) La 
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 Sim?-Porabels ( (as B84) be turn'd or .mov'd about its 
24 20 A) twill form a ſolid Parabolict Conoid, conſtituted of an 
Series of Circle viz. © ba, © fe, © 2 7, &c. by Defini- 

Hen 17, 


Now, according to the Property of every Parabola, it will be, 
$4:4B:; AB: = L, the Lans Rau. 
n Sa Xĩ ILS S$S 
= 81887 
SyX L =D gy, &ec. 
Hize 8.» L. Se x L, Sy x L, &c. are 
| a Series of Terms in Arithmetick Progreſſion : 
therefore 3 ba, O fe, Ogy, &c. uag 
a Series of Terms in the ſame Progreſſion, be- © 
ginning at the Point 8; wherein U 4 B is BE 
the greateſt Term, and & A the Number of al! — - 
the Terms. Therefore AB 1842 His Sow Te &o- 
ries, by Lemma 2. Conſequently, OG AB, SA the Sum of 


all the Series © ba, © fe, ©gy, &c. which do conſtitute the 
Solidity of the Conoid. 22 and H= S8 AI. 


Then , 7854 DD « 3; H= 0,39 Feb + will be the ſolid 


_ Content of the Conoid, which is *y the Cylinder whoſe Baſe = 
D and Height = H. [See Theorem 11.] OO LE. I 


This being underſtood, *twill be eaſy to raiſe a Theorem for 
finding the lower Fruftum of any Parabolick Conoid. For ſuppoſ- 
ing þ'= a A the Height of the Fru/ m, and p = $8 a the Height of 
the Part 58 cut off; then B ＋ p=8 7X, the Height of the 


whole Conoid. Conſequently, © ==: AB Solidity of 


the whole Cad And £232 = to gut 


4 of the Part cut off. 
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THEOREM XXV. 1 2 3 


Or] —— 25 þ = the Fruftam; for I =. 


| ten; 2464 + UL = 3-8196 ; therefore ck 


made 3.8196) BRN 1h (Ste ſame Fraftum, a; 


| Note, The Reaſon why I have reduced this Thom bb he 

eme Diviſor with thoſe at the Froſtums of Pyramids, &ec. 
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1 — Spindle (or Pyramidoid) is equalto ch 2 
F "its circumſeribing Cylinder, 


"at acute Parabila, 2s 58 Has turn'd or mov'd about its 
pra 3 4B, BR, it Hogs — Solid call'd a Parabolick 
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x 2 In theſe Æguations the (1.8 A, 8 4, 0 8.4 being a Series 
of Equals; and I the Nanber of all the m; therefore it will 
be 0 84x 4 B = the Sumof the Series, by Leyime 1. 


2. Becauſe gn. bp, Kc. are 28 4 Series of Squares * | 
in 8 J is the e From and A B the Number of the Terwis 3 | 


33 . Dee ville the Sum of aca 


| Serie, © 22 4. 


bo "And the CI F m. PETER! TY Kc. will be ede of 
Tum in the Ratio of Biguadrates, as above; NA B= 
being the greateſt Term, and 4B the Number of all the Teras ; 


therefor it will be DDD = = the Sum of at tine Sri, by 
* 1 pf 
Whence it 1 that 084 28270 


DILL = the Sumod nue Srir of n mY Op. 


Oc. That is, OED = = the Sum of all the Series of o 145, 


Des b, D4B.. xc. conſequently, — ws dds 
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the Solidity. of half the Spindle, viz. of & 1 B. Therefore pu 
D. as, and H = 2AB, (viz. 54 it will be 0,41888DD oh 
= he Saligity of the whole Paratulick $p 4 8 8. | 
0.7854 D DHthe Solidity of its circumſcribing Cylinder. | 
5 —— alſo raiſe a Theorem for finding the Fr: 0 
8 4 yof the, aſt Figure. For O F | 
S the leat Term, * 
Circles included between A and y, 
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Conſeq. F 2 Q\8 A + TR; the 
Sum of all the Series of OSA, © ma, One, © fy, which 
do conſtitute the Solidity of the Froſtum $ F#'py. "Therefore put- 

ting D = 28, as before, C=2py, x = 2 bp, and H = Ay, 

it will be 1,5708 DD þ 0,7854 = 0,31416xx x + H = the 
| Fruftum S-A PD y. And if we make. L=2H Then 
4,5708 DD | 0,7858 CU — 0,31410xx X 34 = Dauble of 
that Fruſtum, be the middle Zone. And by turning theſe Factors 
into one common Diviſor, as in the Fruſtum of the Cid at Theo- 
rem 25, Page 130, there will ariſe this following . 
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2 358190) + — 0,4xx N L "__ 
the middl Zone of a Parabelich Spindle. 


* may be here expeRted that I ſhould now proceed 3 
Da, of any Hyperbola, and the Contents of ſuch Solids as may be 
form'd by the " Rotation of that Figure about its Aris, &c. may be 
found ; but becaufe thoſe "Things cannot be exactly perform by 
any certain or ſettled Theorem, as theſe of the Circle, Ellipfis, and 

Parabola have been, I have therefore omitted them, and refer the 
| Readerto Dr. Walks's Algebra, Chap. go, Qtc. or to the Philefoph. 
Tranſat. Numb: 34, wherein he ma 7 fed the Method of forming | 
infinite Series relating to the ſquaring of an Hyperbola, &c. which 
are too tedious to be "rally explain'd hel demonſtrated in this ſmall 
Tract, it being only mar as an . 
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by the Pen only, viz. without the Help of thoſe 
bers upon Sliding Rules, ſo much applauded, and but too much 
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H E Artof Gauging is that Branch of the Mathematicks 
call'd Stereometry, or the Meaſuring of Solids, becauſe 
| the Capacities or Contents of all ſorts of Veſſels uſed for 
Liquors, &c. are computed as tho' they were really ſo- 
lid Bodies; which any one that hath made himſelf Maſter of the 
'foregoing Parts of this Treatiſe may eaſily W without a- 


ny farther Directions. 


However, becauſe *tis not to be ſuppos'd that every one, who 


| deſigns to undertake the Office or Imployment of a Gauger, hath 


made fo great a Progreſs in Mathematical Learning, I have there- 


fore preſented the young Gauger with this Appendix, wherein I 
have only inſerted ſuch Rules as are uſeful in Gauging, and have 
been already demonſtrated in this Treatiſe. But herein, I pre- 


fuppoſe that he hath acquir'd (or it not, tis very neceſſary he ſhould 


acquire) a competent Knowledge both in Arithmetick and Geo- 


metry: That is, 
I. In Arithmetick he ſhould underſtand the principal Rules very 
well, eſpecially Multiplication and Diviſion, both in whole Num- 


bers and Decimal Parts, (which may be eaſily learnt out of the 
2d, 3d, and 5th Chapters of Part 1.) that ſo he may be ready at 


computing the Contents of any Veſſel, and _ p his Gauges 


ines of Num- 


praftis'd, which at beſt do but help to gueſs at the Truth; I mean 
ſuch Pocket Rules as are but nine Inches (or a Foot) long, whoſe 
Radius of the double Line of Numbers is not ſix Inches; nd there; 


fore the Graduations or Diviſions of thoſe Lines are fo very cloſe, 
that they cannot be well diſtinguiſh d. Tis true, when the Rules 
are made two or three Foot long (I had one of fix Foot) there they 
may be of ſome Uſe, eſpecially in ſmall Numbers; altho even 


then the Operations may be much better (and almoſt as ſoon) 
dene by the Pen: For, indeed, the chief Uſe of Slid ing Rules is 


only in taking of Dimenſions, and for that Purpoſe they are very. 


Fonvenent. | 
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| - In Gone the Gauger ſhould — not 2 how to 
take Dimenſions (which i is beſt learnt by Practice) but alſo how 
to divide any irregular Figure or Superficies, as Brewers Backs or 
Coolers, &c. into the eaſieſt and feweſt regular Figures they will 
admit of, that ſo their Area's may be truly computed with the leaſt 
Trouble. And this may be learn'd (with a little Care and Dili- 
gence) out of the 1ſt, 2d, and 5th Chapters of Part III, which the 
Gauger ſhould be well acquainied with. Alſo he ought to have fo 
2 Skill in Solids, as to be able, even at ſight (but this muſt be 
acquir'd by Experience) to determine what Sort of Figure any Vef- 
ſel is of (viz. any Tun, or cloſe Caſk) or what Figures it may be 
beſt reduced to, ſo that its Dimenſions may be truly taken, and the 
Content thereof computed with the leaſt Aka I fay, with the 
leaſt Error, becauſe tis very difficult, if not impoſſible, to do it ex- 
actly; for there is not any Tun, or Caſk, &c. ſo regularly made, 
as by the Rules of Art *tis requir'd to be. | 
THI. Befides the aforemention'd, the young . muſt know, 
that all Dimenſions uſeful in Gauging are to be taken in Inches, 
and Decimal Parts of an Inch; and if they are taken in any other 
Meaſures, as Feet, Yards, Ge. thoſe Meaſures muſt be reduced to 
Inches, (ſee Sect. 4. Pag. 42.) becauſe the Contents of all Soris of 
Veſſels (taken notice of in Gauging) are computed by the Standard 
- Gallon of its Kind, whoſe Content is known to be a certain Num- 
ber of Cubick Inches: That is, the Beer or Ale Gallon contains 
282, the Wine 231, and the Corn Gallon 268, 8 Cubick Inches. 
[See the five Tables, c. in Pages 34, 35, 36, which I here ſup- 
poſe the Gauger to have learnt rn perfectly by heart. ] Conſequently, 
if either the ſuperficial or Solid Content of any Veſlel, as Back. 
Tun, Caſk, Sc. be once computed in Cubick Inches, twill be 
"eaſy to know how many Gallons, either of Ale, Wine, or Corn, 
= Veſſel will hold. 5 i 
Note, I have here ſaid, the Superficial Content in Cubick Inches, 
which may ſeem to be.very i improper, according to the Definition 
given of a Superficies in Page 279 ; but you muſt know, that, in 
the Buſineſs of Gauging, all Superficies or Area's are always under- 
ſtood to be one Inch deep, otherwiſe it could not be ſaid (as in the 
Gaugers Language it is) that the Area of ſuch a Back, or of ſuch 
a Circle, &c, is ſo many Gallons. S 
Theſe Things being very well underſtood, the young Gauger 
Will be fitly prepar'd to underſtand the following Problems, which 
are ſuch as have (moſt of them) been already propos'd in the *fore- 
going Parts of this Treatiſe, and only ate here appiy'd to Practice; 


and therefore I ſhall, for Brevity $ Sake, often refer to thoſe Theo- 
rems and Problems. . 1 
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'See?. 1. To find the Area of any right-lined Superficies in Gallons. 


PROBLEMI _ 


Td . the Area of any ſquare Tun, Back, or Cooler, Ec. either 
in Ale, Wine, or Corn Gallons. 


qual) into elf, and the Product will be the Area in 


Multi ply the given Length or Breadth (being here e- 
Rule. 11 then divide that Area by 282, or 231, or 


268,8 and the Quotient will be the Area requir'd. 
W Suppoſe the Side of a ſquare Tun, Back, or Cooler 


de 124,5 Inches, what will i its Area be in Gallons? 


Firſt 12445 x 124,5=15500,25 the Area i in Inches. 


Then 282 C5496 U. | Sh Galle: 
And 231 . 15500, 25 j 76,10 Cc. 5 the Area in U 
Corn Gallons. 


Or 268, 8 57566 &c 


- But if any one winds rather work by Multiplication than by 


Diviſion, he may turn or change any Diviſor into a Multiplicator, 
if he divide . or 1, by that Diviſor. (Vide Probl. 3. Pag. 402.) 


Thus 282}  C0,003546) Ale Gallons. 
And 231 1,000000 | 9,004329 C the Multiplica. for > W. Gallons. 
Or 268,8 0, 037223 | C. Gallons. 


TY 2 before ; 5 and ſo on for the reſt, 


Ale G 


PROBLEM I. 


To find the Area of any Tun, Back, or Cooler in the Form of a 


Right-angled Parallelogram in Ale Gallons, &c. 
| See the Rule for finding its Area in Inches, at Probl. 1, P. 3395 


then either divide (or multiply) that Area, as above, and you. will. 


have the Area in Gallons, 


| Example. Suppoſe the Length of a Brewers Tun, Back, or 
Cooler be 217,5 Inches, and its Breadth 85,6 Inches, what will 


3 its Area be in Ale or Beer Gallons, Sc? 
N * 21% § X 85,5 818648. Then 282) 18648 (66,12, err. 


* xo, 003546 66, 12 &c. the Area requir d, '&c. 
48 X o, ** K k 2 eq > R o. 


4c I $506.35 x 0,003546 = 54,96 Fc. the Area in 
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7. * the Area of any Triangular Tun, Back, or Cooler, 


in Ale Gallons, Cc. 


* * 


See the Rule for finding its Area in Inches at Prob. 3, p. 340; 
then divide (or multiply) that Area as before, and you will have 


_ the Arear 
If the Length of the Baſe of a Triangular Cooler 


Example. 


be 86,4 Inches, and its perpendicular Breadth be 57 Inches, what 
will its Area be in Ale Gallons? _. 


Firſt, 86, 4 K 57 = = 2462.4. Then 282) 2462.4 873 Ge. 
Or 2462.4 X 0,003 546 = = 8,73 Sc. the Area i in Ale Galtons. 


Proceeding thus, you may eaſily find the Area of any Tun, 
Back, or Cooler, whether it be in the Form of a Rhombus; Rhom- 
doides, Trapezium, or of any other Polygon, either, regular or 

Irregular, in Ale or Beer Gallons, &c, if you firſt divide it into 
Triangles, and then find the Area's of thoſe * (as in the 
2d, 4th, 5th, and 6th Problems in Chap. 5, Part III.) the Sum 
of thoſe Area's being divided (or multiply'd) by its proper Divi- 
ſor (or Multiplicator) as above, will give the Area requir'd. 

Now, the Practical Way of dividing any Polygonus Tun, 
Back, &c. into Triangles, is by help of a chalk'd Line, ſuch as 
the Carpenters uſe, and may be thus perform'd. 

Suppoſe any Brewer's Tun, Back, or Cooler, in the Foun of 
the annex d Figure ABCD FG. Let one End of the cha d 
Line be falten d with a Nail (or otherwiſe) in any * or An- 
gle of the Back, as at 4; 2 ſtrain⸗ 
ing it to the Angle at C, ſtrike the 
Diagonal Line 4 C upon the Bot- 
tom of the Back ; and Rraining 3 it a- 
gain to the Angle D, ftrike another 
Di iagonal Line, as A D. and ſo on for 

the Diagapal Line G B. ke. Then bi 

having mark d out all the Diagonals, 

the Perpendiculars may be thus found : Faſten (as before) . 

of the Chalk Line in the Angle B, and then, by moving it tn 

and fro upon a 
uf ge at B and the Diagonal Line FC ; and there ſtrike a 


Line, and it will mark out y 4 Perpendicular from B to the Line, 


AC; and fo on for the other Perpendiculars: Which being all 
rark' out upon the Bottom of the Buck, meaſure them and crh 


* 
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and that its Area is 91 539816 &c. (or o, 7854 fere.) 
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tc. 


Diagonal by a Line of Inches, &c. and then the Area of- that 
Back may be computed ; as directed abe. 
And here, by the Way, it may be obſerved, that the Number 


of Triangles will always be leſs by two, and the Number of the 


Diagonals leſs by three, than the Number of the Sides of any 
Right-lin'd Figure that is ſo divided. 3 1927 | 
Having found (as above) the true Area of any Brewer's Back 


Cooler (which, according to the Laws of Exciſe, ought always to 


be fix'd or immoveable) the next Thing will be to find out the true 
dipping or gauging Place in that Back, that fo the true Quantity 


of Worts may be computed or (caſt up) at any Depth ; which may 
be thus done. 


1. When the Bottom of the Back is cover'd all over (of any 
| Depth) either with Worts or Liquor (viz. Water) then dip it 


in eight or ten ſeveral Places (more or leſs according to the Large 
neſs of the Back) as remote and equally diſtant one from another 
as you well can, noting down the wet Inches and decimal Parts 
of every dip. : 


2. Divide the Sum of all thoſe Dips or wet Inches by the Num- 


ber of Places you dipp'd in, and the Quotient will be the mean 
Wet of all thoſe Dips. 


. Lay find out fuch a Place by the Side of the Back (if you 


can) that juſt wets the ſame with that mean Dip, and make a 


Notch or Mark there, for the true and conſtant Dipping: place of 
that Back. Then if any Quantity of Worts (which do cover the 
whole Back) be dipp'd or gaug'd at that Place, and the wet Inches 
ſo taken be multiply'd into the Area of the Back in Gallons, the 


5 : Product will ſhew what Quantity (viz. how many Gallons) of 


Worts are in that Back at that Time, provided the Sides of the 
Back do ftand at Right Angles with its Bottom. 


Sect. 2. 75 find the Area of any Circular and Elliptical 
15 Superficies in Gallons, 


1. I havedemonſtrated in Cap. 6, Part III, and Theorem 


6. Part V, that the Periphery of the Circle whoſe Diames?? Js 


Unity, or 1, is 3,14159265 Oc. (or for common Uſe 3,1416) 


2. Alfo, that the Peripherics of all Circles are in Pro 


oportion 


done to another as their Diameters are; and their Area's are in 


Proportion to the Squares of the Diameters. That is, as 
1: 3,x416 : : the Diameter of any Circle: to its Periphery. And 
3 : 0,7854 :: the Square of the Diameter; to the Arca, 


Upon 


7 1 T? - 
* * my W "a? * * 
* 


3 43 fo . 
"Upon theſe two Proportions depend'the Solution of all — 
W L= Page 408, 409. 


PRO BLE M IV. 
The Diameter of any Circle being given in Inches, to find the 


Periphery 


* 


Rule. Ma the given Diameter with 18 100 the pro- 
| T duct will be the Periphery requir'd. [See Prob. 1. p. 408. 


| Bromple Suppoſe the Diameter of a Circle be 54, 5 Inches, 

and it were required to find its Periphery. Then 54,5 X 31476 
= 171,21, &c. Inches is the Periphery requir d. The Converſe 
of this is eaſy, viz. by having the Periphery given, to —_ the Di- 
lever, [See Prob. 3- Page 408. 


PROBLEM-V, 
| The Diameter p Cieck Join gms (in Inches) i its 


Multiply of the propos'd Di into 
— 7854, 2 the Product will be the Area in Inches; 


Tel. 2, P. 408.] that Area being divided by 232, 
8 231, C.. the Quotient will be the Area required. 


> mag, Suppoſe the given Diameter be 54,5 Inches as above. 
Firſ 54,5 N b = - And 2970,25 X ©,7854 * 
2332,83 th the 


Then 282} 8.2724 25585 | A or Beer Gallons. 
And 231 ans” 10,0988 the Area in Vine Gallons. 5 


But theſe Area's in Gallons may be much eaſter found without 
knowing the Circle's Area in Inches, as above, by having the 
Square of the Diameter of that Circle whole Area is one Gallon; 
which may be thus found, by Theorem 6, Page 407. 2 
©»785398 : 1 ; : 282 : 359,05 the Square of the Diameter of the 
W one Ale Gallon. 
And from this Proportion will ariſe the following Diviſors; 


— 


(282000000 (359,05 4. G. 
Fix. 0,539 þ e (294.12 1 will be a pte for 5 G. 


- 
- 
% 
» 8 If 
” - 
. 


/ 
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If the Square of the Diameter of any Circle be divided by any 
one of theſe conſtant or fixed Diviſors, the Quotient will fhew 
that Circle's Area in their reſpective Gallons. As for inftance, 
in the laſt Circle, whoſe Square of its Diameter is 2970, 25. 


Then 389,06) 8,2726 1 A. G. : | 
4 294,12 Þ 2970, 25 4 10,0988 Þ the Area in J V. G. C as before. 
Or C. G. | 


342,24 8,6788 8 | | 
Now theſe Diviſors may be turn'd into Multiplicators by divid- 


ing Unity or 1, as in Page 435: Or rather by dividing the Area 
in Inches of that Circle whoſe Diameter is 1. TER 


That is, 0,785 398 by 282. Or by 231, &c. 


Thus 282 | (0, oo2788) 5 Ale Gal. 
And 231 bogs 398 0,003399 Fac Multiplicator tor) Fa a, - 
Or 268,8 C, 002922 Corn Gal. 
Theſe Multiplicators are the reſpective Area's of a Circle whoſe 
Diameter is 1; and therefore, if the Square of the Diameter of 
any Circle be multiply d with any of theſe Numbers, the Product 
will be that Circle's Area in Gallons of the fame Name: 
Viz. 2970,25X0,002785=8,2725 the Area in A. G. as above. 
And 2970,25X0,003399=10,0988 the Area in V. Gal. Kc. 
Thus you ſee, that, if the Diameter of any Circle be given in 
Inches, there are three ſeveral Ways of finding its Area in Gal- 
| Jons, and all equally true; but that which is perform'd by the 
conſtant Diviſors is moſt generally practis' d. 


PROBLEM VI 


The Tranſverſe (or longeſt Diameter) and the Conjugate (or ſhort- 
eſt Diameter) of any Elliptical Superficies being given, to find 
its Area in Gallons. | BEDS xi. 


(Multiply the two Diameters (viz. the Length and 
| Breadth) together, and divide their Product by 359,05 
"Rule, for Ale Gallons, or 294, 12 for Wine Gallons, &c. 
"OY the Quotient will be the Area requir'd. ¶ See Theo- 


rem 7, Page 412.] 


Example. Suppoſe the longeſt Diameter to be 73, 5 Inches, 
and the ſhorteſt Diameter to be 51,6 Inches; what will the 1 
rea be in Ale Gallons ? Sc. 


Firſt 73, 5x51, 6 = 3792, 6. Then 359,05) 3792, 6 (10, 56 
the Area in Ale Gallons. Or 294,12) 3792, 6 (12,89 the Arca 


Note, 
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Nate, The two laſt Problems are of great Uſe in gauging of 
Worts amongſt country Victuallers, who generally brew but ſhort 
Lengths of Ale (perhaps between 20 and 60 Gallons at a Brew- 
ing) and cool their Worts in ſeveral ſmall open Veſſels or Tubs, 
whoſe Baſes or Bottoms are either a Circle, or an Ellipſis, having 
their Sides but low, and are moſt commonly wider at the Top 
than at the Bottom. | 
Now a practical Way of computing the Quantity of Worts, 
that are at any Time in one of thoſe open Tubs, is briefly thus: 
When the Tub is dry, find the true Area of its Bottom according 
to its Figure (as above) and either mark that Area on the Outſide 
of the Tub (which was the Way I generally us'd to order, be- 
cauſe the Victuallers did often lend their cooling Tubs one to ano- 

ther) or elſe number the Tub, and enter its Area (and its Num- 
ber) into the Stock-book ; then, when any of thoſe Tubs hath 
Worts in it, take the Diameter of the Surface or Top of the 
Worts, and find that Area, adding it and the bottom Area toges 
ther, If either the half Sum of thoſe two Area's be multiply'd 

with the Depth of the Worts (taken as near the Middle of the 
Tub as you well can) or, if the Sum of thoſe two Area's be mul- 
tiply'd with half the Depth ( ſo taken) the Product will ſhew the 
Quantity of thoſe Worts very near the Truth, 5 


PROBLEM vn. 


The Diameter of any Circle, and the verſed Sine, viz. (the Height) 
any Segment, being given, to find the Area of that Segment in 


In the 410th and 412th Pages you have two Ways (and their 
Examples) of finding the Area of any Segment of a Circle in 
Inches; then if that Area in Inches be divided by 282, or 231, 
c. the Quotient will be its Area in Gallons. But becauſe the 
Area of any ſuch Segment may be readily found in Gallons (with- - 
out finding its Area in Inches) by help of a Table of Segments, 
whoſe Conſtruction is laid down in the Problem, Page 411, Sc. 
T have here inſerted a Compendium of ſuch a Table, which will 
ſerve very well for common Practice, not only to find the Area 
of any Segment of a Circle in Gallons, but alſo to find the Num- 
der of Gallons that are either drawn out, or remaining in any | 
_ Cylindrick Veſſel lying along; or of any cloſe Cask (being firſt 
reduced to a Cylinder) its Axis lying parallel to the Horizon, uſu- 
ally call'd the Ullage of a Cask; as ſhall be ſhew'd farther „* 


oY 


_ viz. 4 Diameter of the tabular ( 


JJ ͤ KT A Di re 


A Table of the Segments of a Circle whoſe Area is Unity or 1, 
the Diameter being divided by parallel Chord-Lines into 100 


cemual Parts. 
S. Segment ; sees / <0; & | Segment | V. S. Segment | 
— - 1 — — - | — 1 — — — 4 
110,017 260, 2066 5110, 5127 76 „8155 
210, oo48 27 [o, 2178 | 5210, 52581 | 77 o, 8202 
3 0,0087 | 28 0, 22924] 53 0,382] 78 o, 8369 
4|%0134] | 29, 2407 | 54,589 | 29,8474 
5 |0,0187 | 300, 2523 550,638 | 30 0,8576 
60, 0245 3110, 2640 A 5610,5702] | 8110,8677} 
| 7 10,0308 | 3210, 2759 570, 588880 | 82 0,8776 \ 
| 80,0375 | 33]9,2878 58 [o, 6014] | 830, 8873 
90,0446] 34 „2998 590,140 840, 968 
100,520 35.1190 600, 626 5 85 o, 9059 
n ＋ꝓ 1 | — 13 — 1 — 
11 | 0,0598 35]0,3241] 610, 6389 86 o, 9149 
12 0, 680 37 o, 33644 620, 514 87 o, 9236 
j 13]0,0764] 380, 3485 [63 0, 6636 88 o, 93 20 
1 4 %851[ 39,36% | 6410,6759 89 |0,9402| 
15 00941} |  40J0,3735| 65 [0,688 11 go — 
ez | 4:]0,3860| 66,70 91,9554 
17]0,ti27] | 42 2,3986| | G67]0,712z2] | g2{0,9625' 
1810, 12244 43,12] | G68J0,7241] 936,0“ 92 
190, 1323 44,4238 69 0,7360 | 94,9755 
| 2010, 1424 45 1 4365] | 7917477] | 95 _— 
| 21 0, 15266 4610, 4491 71 ©,7593 960, 9856 
2210, 1631 47,4618] | 7210, 708] 97,9913 
12310738 4810, 4745 7310, 7822 98 0,9952 
| 241,1845 49,4873 741057934] | 990, 9983 
25 Jo, 955] 50e, 0 | 75 0,8045 | | roof 1,0000 | - 


The Uſe of this Table of Segments depends upon the following 
1 mY 
* As the Diameter of any pr 


opos'd Circle: is to 100 (the 
ircle) : : fo is the Height of any 
t ofthe propos'd Circle: to averſed Sine in the Table. 


Then, if the tabular Segment, which ftands againſt that verſed 
Sine, be multiply'd into the Circle's Area (either in Inches or 
r the Product will be the Area of the Segment requir'd 
lot the ſame Name] viz. If the Circle's Area be Inches, the Seg- 
ment will be Inches; if Gallons, the Segment will be Gallons. 

5 363 FKranple. 


Lnches, and. the Þ 


will de 10, 8793 Ale Gallons (by Pro- x; | 
blem F.) and the Proportion will ftand \ 


7M el r 


— Let the Dinneter of th gies Circle be Pa, 


ht of the 
ſought be F4= 20 Inches; What will 
its Area be in Ale Gallons ? 


Firſt, the Area of the whole Circle 


thus, 62,5 : 100: : 20: 32 the verſed 
Sine of the Table whoſe Segment is pu 
0,2759. Then, 10,8720 x 0,2 

oor Ale Gaben e99 2 eb the Segment 8.4% K. a8 


was requir d. The like” may be done for Wine Gallons, Corn 


Gallons, or Inches. 
And, upon Occaſion, the like Segments of any Ellipſis may be 


eafily f found. See the Proportions in the Corollaries to the Ith 


and $th Theorems, Page 412, &c. to which I here, for Brevity 3 


0,004329, Sc. 


| 
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"To find the Canton any Priſm whoſe Sides are Par 


Angles with its Bottom. 


Sake, refer the Reader. 
Sect. 3. To compute. the Contents of ſuch Veſſels (viz. Tuns, 
. c.) as are in the Form of the following Solids. 
Note, Before the young Gauger proceeds to theſe Computa- 
tions, he ſhould be well acquainted with fuch Solids as are defin'd 
in P. 402 and 403, and then he may eaſily underſtand what Sort 


of Figures are meant in the following FRO, without the Ve 
petition of * Words. 


PROBLEM vin. 


what Fi ſoever its Baſe is of. 


That is, to compute the Content (in Gallons) of any Tup, ee. 
whoſe Sides are Parallelograms which ſtand upright, or at Right 


Firſt, budice hd Content in bebe by Fheorenrg; en : 
then divide that Content by 2 282, or 231, or by 26858; the Quo- 
tient will ſhew the Content in their ws n Gallons, ws. e, 


Wine, or Corn Gallons. 


Or elfe multip 


4 the Content ebe with 0,003586, or 
the Mam waa 5] thoſe thoſe Pro- 


ducts will will be the niet in their reſpecti 
Or otherwiſe thus: 

Find the Fre Area of the Tun's Baſe or Bottom, cg el 
in Secd. 1, P. 435 that Area being multiply d with the Tun's 
3 (viz, Depth within) will — the Content in * 

before. 


4 
c * er 1 
= 
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I take the Work of this Problem to be fo very eaſy, that it 
needs no Example. 


PROBLEM IX. 


To find the Content of any Pyramid (in Gallons) whoſe Baſe is bound. 
reg, ed with Right Lines. 1 8 


Every Pyramid is one Third - part of its circumſcribing Priſm, 
by Theorem To, Page 415. Therefore, if the Area of the Baſe 
of any Pyramid, in Gallons, be multiply'd into one Third of its 
perpendicular Height; or if one Third of that Area be multiply'd 
with the whole Height, either of thoſe Products will be the Con- 
tent of the Pyramid in Gallons, &c. But the Content of any 
ſquare Pyramid may be eaſily found in Gallons by this Rule: 
= © [Square the Side of its Baſe, and multiply that Square 
_ | with the perpendicular Height; then divide that Pro- 

Mule. duct by 846=282x3 for Ale Gallons, or by 693=231 
| | x 3 for Wine Gallons, or by 806,4—268,8 x 3 for Corn 
(I Gallons, the Quotient will be the Content requir'd. 

Or, if you multiply the ſaid Product with 0,001182 for 4. G. 
or with 0,001443 for V. G. or, laſtly, with 0,001241 for C. G. 
the Reſult will be the Content requir'd, as before, 


1 


PROBLEM X. 


To find the Content (in Gallons) of the Fruſtum of any fquare Py- 
Eo. ramid, cut off by a Plam parallel to its aſe. . 


Firſt, Either by Theorem 15, P. 419, or Theorem 16, P. 420, 
find the propos d Fruſtum's Solidity in Cubick Inches; then di- 
vide that Content in Cubick Inches by 282 or 231, Cc. and the 
9 will be the Content of the Fruſtum in their reſpective 
Gallons. | v7 Bs | 
But, from the ſoreſaid Theorem 15, there may be eaſily dedu- 
 ced the following general Rule for finding the Content of the like 

Fruſtum of any Pyramid, what Form ſoever it's Baſes are of (ſup- 
poſing them to be parallel) whether they are alike or unlike. 

C Firſt, find the Area of each Baſe, (viz. the top and bot- 

_  »  z tom Arex's of the propos d Fruſtum ;) then find a Geo- 
Rule, | metrical Mean between thoſe two Area's (by Lemma r, 


Page $33) the Sum of thoſe two Area's and their Mean, 
i being mukiply'd into one Third of the Fruſtum's Height, 

{ will produce the Content require. 
L112 | Example, 


" * % N _ 4 N N 8 9 — * * * * * * * OO * * 1 " bf TOY o g 
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ook a Tun in x the Form of the lower Fruftum 
of a Pyramid, whoſe Baſes are Equilateral Triangles : Let the 
Side of the Top be 42 Inches, the Side of the Bottom be 63,4 In- 
ches, and its Height [viz. Depth] be 33 Inches; What will the 
Content of that Tun be in Ale Gallong ? 

Firſt, find the Area of that Baſe in Inches, by Probl. 7, P. 3433 
then find what thoſe Area's are in Ale Gallons, by Probl. 3. P. 436. 
Multiply thoſe two Area's together and the ſquare Root of their 
Product will be the mean Area, &c. as in this Example: | 


Example hg 13 5 — — 4 f Ale Gallong. 


4:07. 
Their Sum 72,90 


Then 12,9% © ; =141,9; Or —= = * 33= > — L419 the Con- 
tent required, 
7 P R OBLEM XI. 


To find the Content of any right Cylinder in Gals. 


That is, to compute the Content of any round Tun, &c. whoſe 


Diameters at Top and Bottom are equal, and at Right Angles 
with its Sides. 


Ik! be Coatent of ſuch a Tun may be found by Theorem 11, 
Page 415 ; or otherwiſe by the following Rule. ; 
Multiply the Square of the Diameter into the Height, 

Rule. 15 divide the Product by 359,05 (or multiply with 


0,002785) Sc. as in Page 439, that Quotient (or 
Produ) will be 8 Content required. 


Exam. Suppoſe the Diameter be 42,5, and the Height 31, 5 Inches. 
Firſt 42, 5 X 42,5 21806, 25. And 1806 231,5 850896, 875. 
Then 359,05) 56896, 87 5 (1 58, 46 the Content i in Ale al. Sc. 


PROBLEM XII. 
n Pyramid in Gallons. 
Becauſe every Cone is one Third of its circumſcribing Cylin- 
der, [See Thowna 13, Page 416] therefore its Content may be 
ul found by the following Rule. 

Multiply the Square of the Diameter of its Baſe into 
Y the — Height, then divide their Product 
Rule. 4 by 1097415=2359,05 „ 3 for: Ale Gallons, or by 
13838382,36 8294,12 K 3 for Wine Gallons, Fe. and the 
8 will be the W 


Or 


% prattical Saen __445 


Or if the ſaid Product be multiply'd with et = = = ks 


or with 0,001133 = 2 thole product will be the Content 
3 

in their reſpective Gallons. 

Example. Suppoſe the Diameter of the Baſe be 42,5, and the 

perpendicular e be 31, 5, Inches, What will the Content be 

in Ale Gallons? (as before. 

Firſt 42, 5 X/ 42, 51806, 25. And 1806,25X31,5=56896, 375 


Then 1077 15) 56896,875 (52,82. Or 56896,25 x o, oo 28 1 
| oa» te Content in A e Gallons. And fo on for Wine or 


PROBLEM XII. 
Te find the Content of the Iower Fruſtum of any Cone in Gallons, 


That is, to compute the Content of any round Tun, &:. whoſe 
Diameters at Top and Bottom are parallel, but unequal. 
The Content of ſuch a Tun may be found by the Rule at Pro- 
blem 10; but from Theorem 16, Page 420, *twill be eaſy to 
deduce this following Rule. 
To the triple Product of the Top and Bottom Diameters, 
| | add the , of their Difference; multiply that Sum 
Mule. into the Height (or Depth): then divide the laſt Pro- 

duct by 1077, 15 for Ale Gallons, or by 882, 36 for Wine 
. Gallons ; the Quotient will be the Content required. 

Example Suppoſe the Diameter at the Top to be 52,4 18 
the Diameter at the Bottom 45, 6, and the Height 30 Inches. 
Firſt, 52,4 * 44,6 22337, o4; and 2337,04X 3 711, 12 c Add 
Alſo, $2,4—44.6 = =7,83 and is & 7,8= 60,84 

. 3 (x 8 30 X 7071,96 =21 12158, 8. 
Then 1077,15) 212158,8 (196,9 
Or 2121468 x 0,000928 = 196,96 {rhe Content in He Gallons, 

And fo on for either Wine or Corn Gallons, as Occaſion requires, 
But if the Tun (or Veſſel) be not truly circular, that is, if either 
its Top or Bottom (or both of em) be Elliptical, whether 
are alike or unlike, it matters not, the Content of ſuch a Tun 
may be truly found by the general Rule at Problem . 


PROBLEM XIV. 

n. Axia ar „ of any Sphere or Globe being given in Inches ; 
t find its Content in Gallons. 

. ary Soliern Þ tiho-T hide of its circumfcriblag' Cy linder, by 
The: 18, Page 423; from whence ne Theor, 20, * bal 'D 
prov ” 


Nat 15 ca Gauging 3 
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— be multiply d into o, 52 36, the Product will be the Con- 
eee nſequently, if that Content be 


divided by 282, or by 231, te. 6 EEEIDES Fee: 


In Gallons. 
But thoſe two Works of multiplying with 035236, and then 
dividing by 282, or by 231, c. 7 5 


Thus 282 o, oo 1856 

Ip Logs 36 dsa will be x Muliplicte for f 7: © 
nl 8, Ale Gallo:s. 

Sean 75 Speere : 

From hence ariſes this following Rule. 

elf the Cube of the Axis of any Schere be divided by 

538,57; or multiply d with 6.60885 : or divided by 

Uale. 4 441,17 3 or elſe multiply d with 0,002266 ; the Quotient 

Ke or be MN. coy Content in their re- 


Gallons: 
by 2 22 Inches, bow many 5 
lere 22 * 22x 222 21645; and 5 57) 8 10648 (19,76 4. G. 
Or 10648 x 0,00t856==19,76 Ale the Content required. 


W . 


PROBLEM XV. 


7 find the Content of a Segment of a Sphere in Gallons. 


In the Scholium, P. 424, there are two Theorems for reſolving 
this Problem according to the Data. 
1. If the Diameter of the Segment's Baſe and its Height are 
given, the Content may be ſound by che firſt of thoſe Theorems, 


* 

To the triple Square of half the Diameter add the 

Kul Square of the Height ; then multiply that Sum into 

1 $ the Hecht, and Gixide the Product | 7 536,57 for 

| 4G. 1 &c. as. 

3 But if be Axis of the Sphere, and the Haight of the Seg- 
ment are given, the Content may be found by the End of thoſe 


— Theorems, 

. From the triple Produ of the Axis into the Height, 
ſubtra twice the Square of the Height; then mul- 
tiply the Remainder into the Height, 

roduc $3957 d «in the la Problem. | 


0 N 


Eccher or theſe Rules will produce the Content of the Segment 
in Gallons. 


Example. Suppoſe the Diameter of the Segment's Baſe be 28 | 


Inches, * 2 it contain in Ale 
Gallons? 


Firſt 2) 28 (14. Then (by Rule 1.) 14 * are = 580. | 
And 6x6==36. Next 588 +36==624. Again 624X0=3744- | 
Laſtly, 538457) 3744 (0,95 | the Content r x 
Mute, This Problem may be of UE in Gauging the c. 
of N Uoppers, —_ 


| Sect. 4. — of Ganging any fix'd Tim or Copyer, 
and making a Table to few whet it will ul at every Inch deep, 
h call'd Inching of @ Tux, fc. | 


Firſt, you muſt know, that moſt (if not all). Tuns * 
ſo fix'd as to lean a little for Conveniency of eleanſing their Drink, 
which is uſually calld the Drip or Fall of the Tun. Now this 
Drip or Fall of any Tun in the Hoof of ſuch. a Solid as that Tun 
is ſuppos'd to repreſent, and under that Conſideration it may be 
found, as in Theor. 16. P. 420: But the practical (and indeed 
the beſt) Way is, to meaſure into the Tun (when tis dry) ſo 
much Liquor as will juſt cover its Bottom; for by that means you 
do not only find the true Fall, but alſo a true horizontal or level 
Plain over the Bottom of the Tun ; from which if the Depth 
of the Tun (viz, the neareſt Diſtance from the Top of the Tun 
to the Surface of the Liquor) be ſet off upon every one of its Sides, 
vou will then have a true parallel Plain at the Top of the Tun 
to that of the Liquor. Then, if the Sides of the Tun are ſtreight 
from the Top to the Bottom, take as many Dimenſions in the 
aforeſaid two Plains as are needful to find the true Area of each; 
and by thoſe two Area's and the. aforeſaid Depth find fo much of 
I thy Gun -general Rule at Trodlem X.) as in be- 
twirt thoſe two Plains. 
Next, to inch that Tun, fivide the Difference between the Top 0 
and Bottom Area's by the aforeſaid Depth, and the Quotient will 
be an Addend or fixed Number; which Sau to the lefſer 


ded to that Area, their Sum will be the Area of the. third Inch; 
and ſo on from Inch to Inch, until the Area of every ſingle Inch 
be ſound ; the Sum of thoſe Area's (if the Work be true) will 
amount (or be equal) to the Content found, as above. * 


Area, le wal be the Ara of he nent Inch 3 nd, being ad- 
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the Tun's Drip or Fall be added to the. Sum of all thoſe Area's, 
that Sum will be the whole or full Content of that Tun. 

Now, from hence it muſt needs be eaſy to conceive, that if 1, 
2, 3, or any Number of thoſe Area's accounted from the Bottom 
be added to the Fall, that Sum will ſhew the Quantity of Liquor 
or Drink that is in the Tun, to ſuch a Number of wet Inches 
from the Bottom as there were Area's added together, Or, if 
the Sum of any Number of thofe Area's (being accounted from 
the Top) be. ſubtracted from the Tun's whole Content the Re- 
mainder will ſhew what Quantity of Liquor or Drink is in the 
Tun, when there is ſuch a Number of dry Inches from the Top as 
there were Area's ſubtracted. 

This being well conſider'd, it will be eaſy to make a Table ei- 
ther to every wet or dry Inch of any regular Tun (viz. whoſe Sides 
are ſtreight from Top to Bottom) what Form ſoever its Baſes are 
of, and whether it ſtand upon the greater or lefler Baſe. 5 

But if the Sides of the Tun are irregular (viz. not ſtreight from 
its Top to the Bottom) then the beſt and eaſieſt Way will be to di- 
vide or part the Tun into ſeveral Fruſtums, each of ten Inches 
deep; and finding the Content of every ſingle Fruſtum, by taking 
the Diameters in * he Middle of every one of thoſe ten Inches (that 
zs, the firſt Diameter at 5 Inches from the Top; the ſecond Dia- 
meter at 15 Inches from the Top, &c.) and multiplying their re- 
ſpective Area's with 10, (which is done by only re.noving the ſepa- 
rating Comma's one Place forward to the right Hand) if the Sum 
of all thoſe Fruſtums be added to the Fall, (as before); that Sum 
will be the whole Content of the Tun. 

Niete, if you take the Height of the foreſaid ten Inch Fruſtums 
in the Side of the Tun, you muſt allow for the Difference between 
the ſlant Height and the Perpendicular Height in every Fruſtum. 
L Laftly, If from the whole Content of the Tun you ſubtract the 
mean Area of the firſt Fruſtum ten Times, and from the Remain- 
der ſubtract the mean Area of the ſecond Fruſtum ten Times, and 
from the laſt Remainder ſubtract the mean Area of the third Fru- 
ſtum, &c. until there remain nothing but the Fall or Hoof of the 
Tun, you will then by that Means have a Table that will ſhew 
tity of Drink is in the Tun to any Number of dry Inches. 
And this is alſo the Method of Gauging and Inching Brewers 
Coppers, vis. by firſt meaſuring into the Copper ſo much Liquor 
as will juſt cover its Crown, and then dividing its perpendicular 
Height into Fruſtums, and its Sides into four equal Parts, that ſo 
* Diameters * be taken | in the Middle of each e 
$ 
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but if the Copper be much wider at the Top than at the Bottom, 
and its Sides ſpheroidal or arching, as generally all large Coppers 
are; then, inſtead of taking thoſe mean Diameters in the Middle 
of every ten Inches, as above, you muſt take them in the Middle 
of every ſix Inches, and proceed on as before. 
No the Quantity of Liquor, that would cover the Crown of 
the Copper, may be found without meaſuring it, as above. In or- 
der to that, I do : heals the Crown to be the Segment of a Sphere, 
and the lower Part of the Copper wherein the Crown ariſeth, to 
be the Fruſtum of a parabolick Conoid ; then, if the Diameter at 
the Top of the Crown, and its perpendicular Height are given, 
the Quantity of Liquor may be found by this following Rule: 


From the Area of the Plain at the Top of the Crown 
A ſubtrat > of the Area of the Crown's Height; the Re- 
Rule, NJ imainder, being multiply'd into half the Height of the 


Crown, will produce the Quantity or N umver of Gal- 
lons that will cover the Crown. 


This Rule is deduced from Scholium, Page 424, 3 and Theorem 
15, Page 430. 


| $28, 5. To compute the Content of a any cloſe Caſk in Gallons, 
viz. of any Butt, Pipe, Hogſhead, Barrel, &c. 


In order to perform this difficult Part of Gauging, the three 


following Dimenſions of the propoſed Caſk muſt be cruly t taken | in 
Inches, and Decimal Parts of an Inch. 


(The Bulge or Bung Diameter within the Caſk. 
Viz, dee of the Head Diameters, ſuppoſing them both equal. 
And the Length of the Caſk within. 


Note, In taking of theſe Dimenſions, it muſt be carefully obſerv'd, 


1. That the Bung hole be in the Middle of the Caſk ; alſo that 
the Bung- ſtaff and the Staff over-againſt the Bung-hole are both 
regular or even within, 


2. That the Heads of the Caſk are equal and truly circular; if 
ſo, the Diſtance between the Inſide of the Chine to the Outſide 


of its oppoſite Staff will be the Head Diameter within the Caſk, 
very near. 


| 3. With a ſliding Pair of Calipers (made on purpoſe for that 

: Uſe) take the ſhorteſt Diſtance at Length between the Outſides of 

the Two Heads; (ſuppoſing them even) from that Length ſub- 

tract 1 7 Inch (more, or leſs, according to the Largeacis of oo 
Mm Mm 
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c Sum will be the whole or full 
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3 Area's added 
the Sum of any Number of thoſe Aren 8 * 
the Top) be. the Tur's whole Contant the Re- 
minder willſhew what .of Liquor or Drink is in the 

Tun, when there is ſuch Number of dry Tuches from che Top ar 
there were Area's ſubtracted. 

This being well conkder'd, ir wil be eaſy to make d Table ei- 
ther to every wet ot dry Inch of er ha ( viæ. whoſe Sides 
are ſtreight from Top to Bottom) what Form ſoever its Baſes are 
of, and whether it ſtand upon the greater or leſſer Baſe, 

Bat if the Sides of the Tun areirregular (viz. not ſireight from 

in Top 1 Way will de to di- 
I NT boi th Omer nary ng Frum, by king 


| ng 
the Dinmithets in the Middle of every one of thoſe te 
| is; the; firſt Dlaassder at J Inches from the Top; 5 
meter at x5 lache from the Top, r.) and multiplying their re- 
| fpeftiveArea's with 10, (which is done by only — Sw 
4 Comma's-one Place forward to the right Hand) if the dum 
of all thoſe Fruſtutms be added to the Fall, {as before)” _——_ 
will be the whole Content of he n 
Mee, if you ake the Heighr of the *forelaid den Inch Froftums 
in che Side ofthe Tio, you mult llow forth Diflraceberwern 
el Perpendicular 1" apa every Fruſtum. 
If trom the whole Content of Tan yowſubtraQ the 
—_— ert Feuſtum ten Times; and from the Remain- 
der fubrraQ the mean Aren of the ſecond Fruſtum ten Times, and 
1 from the laſt Remainder ſubrraQtthe-mean Aces of the third Fru- 
. ſlum, Me. until there remain but the Fall or Hoof of the 
2M 27 „ will then by that Menne ve a Table that will ſhew 
1 har Quacs 4 of Drink.» in the Tun toany Number of dry Inches. 
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but TOE be mock wider. at the Top than at the Bottom, 
and its Sides ſpheroidal or arching, as generally all large Coppers 


are; then, inſtead of taking thoſe mean Diameters in the Middle 
of every ten Inches, as above, you muſt take them in the Middle 
of every fix Inches, and proceed on as before. 


No the Quantity of Liquor, that would cover the Crown af 


the Copper, may be found without meaſuring it, as above. Inor- 
der to that, I do ſfuppole the Crown to be the Segment of a Sphere 


be the Fruſtum of a parabolick Conoid ; then, if the Diameter at 
the Top of the Crown, and its perpendicular Height are Evens 
the Quantity of Liquor may be found by this following Ru 


From the Area of the Plain at the Top of the Crown 


Rule. & maiader, "bong multiply'd into half the Height of the 
Crown, will produce the Quantity or Number of * 


- lons that will cover the Crown. 


This Rule is deduced from Scholium, Page 424, and Theorem 


15, Page 430. 


| Se. "FP compute the Content of any cloſe Caſk in Gallons, 


viz. of any Butt, Pipe, Hogſhead, Barrel, &c. 


In order to perform this difficult Part of Gauging, 
following Dimenſions of the propoſed Caſk muſt be truly taken in 
Inches, —* Decimal Parts of an Inch. 


JJ es mans withis the Ctr 
Viz. = of the Head Diameters, ſuppoſing them both equal. 


And the Length of the Caſk within. 
Note, In taking of tbeſe Dimenſions, it muſt be carefully obſerv'd 


1. That the Bung - hole be in the Middle of the Caſk ; alſo _ 
the Bung-ftaff and the Staff oer. dnia che Bung-hole are both 


regular or even within. 


2. That the Heads of the Caſk are equal a; if 


fo, the Diſtance between the Infide of the Chine to the Outlide 
of its oppoſite Staff will be the Head — — | 


very near. 


3. Wich a ſliding > Pair nn purpoſe FOTO 
UG) cake the ſhorteſt Diſtance at Length between the Outſides of 


the Two Heads; (ſuppoſing them even) from that Length ſub- 
un 7 the aa * 4 


- 


and the lower Part of the Copper wherein the Crown ariſeth, to 


ſubtract & of the Area of the Crown's Height; the Re- 


the three 
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the Cask, it muſt needs hold more than 


are the fame in both thoſe Casks, 


e War 0 enn 


Cut) for 5 
che Length of the Gi within. © wad 


Now, by theſe Does, 3 ae e of 
the Caſk were perfectly limited ; but it will be ecafy. to 


perceive, 
by the following 5 that the Diameters (aboveſaid) and the 


Length of one Caſk may be equal to thoſe of another, and yet one 
of thoſe Caſts may comin or bold — more than the 


other. 5 


As for 1 ſuppoſe FE aber d ren ABCDGF, to 
repreſent a Caſk; then it is plain, that, | 
- if the outward curved Lines ABC 


and FG D are the Bounds or Staves of 


if the inner ftreight or prick d Lines 
were its Bounds or Staves; and yet the © 
Bung Diameter B G, Head Diameter 
CD and 4 F, and the Lengih L 2, 


_ Whence it plainl 
can be — find 


1. The middle Zone or ERR of a 


Spheroid, . 


III. The lower Fruſtums of two equal Parabolick Conoids. 
IV. The lower Fruſtums of two equal Cones. 


* 


that no one certain or 1 Rule 
the true Content of all Sorts of Caſks, 
IP TD COTS Cs Form 


9 Br... Vie. II. The middle Zone or Fruſtum of a Parabolick Spindle. | 


Now the Way of Gueſſing at the Cask 's Form, and 1 


ther Order, 


1 then 5d liven ee y much curved. or 
(be Lines of the A Pigs) 28 
to be in the Fotm of the middle Zone or Fruſtum of a Spheroid, 


To twice the Square os, 0 
| Square of the Head Diameter; multiply that Sum in- 
{to the Length, and divide the Produtt b E 
III. 3.8197 K 282 for Ale Gallons ; * 

ir): * $538 for 9 


its Content, according to its 3 _ I hall _ bew i in 


| whole Content may be computed as. 42 
| "wich gras ele tho; Aer... ; 4 of * 


n Tae Ares of he Bupg Cick ad the Area 

„Jof the Head Circle; multiply their Sum into one 
at Third of the Length, and the Product will — 
6 4 Content in their reſpective Gallons, . 


7 Suppoſe 2 Cask i in the Form of the middle Zone 
of a Spheroid, whoſe Bae Diameter is 358, Head Diameter 
24,5, and its Length 42 Inches. mT | 


Firſt | 30 SX3H5X2= 1984.5. And 25 62 =600,25 
F- 1984.5 1000;25=2584.75. And2584,75x42=108559.5 
hen 107% 15108550, 5 (100,78 the Content in Ale Gallbns. - 
And 88 882,35) 10855945 (123,03 the Content in Wine Gallons, 


Or thus, by the Second Rule. | 9 


Bung Diameter 3145 twice its Circle's Area is 15270 4 
Head Diameter 24,5 its Circle's Area is s 2,6 70 | } 
'The Length 42 divided by 3 is 14. 8 8 their Sum. 
Then 7, 1988 K 14 = 100, 78, the Content in A. 1 
5 And fo the Content in Wine Gallons may be found. 


II. — of the Cask are not quite ſo much curved or 


arching, as was uppos'd before; the Cask is then taken fot the ; 
___ and its Content is com> - 


. by Theorem 27. Page 432. | Which gives this Rule. 
- To. twice the Square of the Bung Diameter, add the 


AY Square of the Head Diameter; from their Differences _ 


 Jlubtra& four Tenths of the Square of the Difference 
Jof the Diameters; multiply. the Remainder into a 
ny Length, and divide the e by nns Sc. as 


above. 


2 


— Digdnfos the tun a ie, Then 


31,5 & 31,5 K 2: + 24,5 K 24,5 = 2584,78. And 31,5 
424.32 — Again 7X7X0,4=19,6. And 2584.75 —1), 6 42 = 
| 2077 [3G4; Th Then 107,15) 107730,3 (100,01 the Cont, in . E. 


" "When the Staves of the Pail con but er little gige or 
arching, then it's ſuppos'd to be in the Form of the Fruſtums of 
Two equal parabolick Conoids, abutting or joining together upon 

one common Baſe at the Bulge, and the Content may be found by 

Theorem 25. Page 430. Which gives theſe Rules, 


M m m2 


Rule 


l To the Square of the-Bung Diameter add the 
60 Jena Diameter; multiply 2 
Kule: 1. Length, and divide the Product dy 918, o8 (vi. 
544 K 282) for Ale Gallons: er by 388, 22 (viz. 
is 5464 X 231) for Wine Gallons, Or thus, 


To the Ates of the Bang den 26d the e 
Ruſte 2. hr Circle; multiply the Sum into half the Length, 
and the Product wil il be the — required. 


; Example 3. Win the lame Dimenſions as before. [Then | | 


3145X3145+2445X24,5=159245- And 1592-5X42=66885 
Aad 718,08) 66885 (93.01 the Content in Ale Gallons. 
Or 388,22) 66885 Hy the Con 


tent in Wine Gallons. 


IV. If the Staves of the Cask are  ireight from the Bulge to the 
Head, as the inhet prickd Lines in "the laſt Figure (H ſuch a 
Cel can be nas) It in wet ker fre ch wee PN of ewo | 
equal Cones, abutting or joining together upon one common Baſe 

at the Bulge. - And ns Content may be computed wut Probe 


13. Page 445. or by Theorem 15. L Thus, 


5 To the Sum of the Squares of the Head and Bung Dia- 
Kite. meters add their Product; then multiply that Som in- 

. a=” Jo che Length, and divide the laſt Product by 1077, 15. 
Cor dy 882,36. The Oscient will de che Content, Ee. 


Example 4. With the ſame Dimenſions as'be 


bi ge f SN, %  . 
4 — = . Then 1077.15 9gagh, (52,18 
Content in 7 Wine Gallags. 


| . Pb the Methods of computing the true Contents of 
the four Solids, in whoſe Forms all Casks Ns 
are ſuppos'd to be. And by the Exam- | Ale Gallons. = | 
ples it appears, that four ſuch Casksas have | I. 100,78| Differ. 
their Dimenſions. all equal, and the ſame II. 2 - 0,77 
with thoſe aboye- mention'd, their -Con- | HI. 93,0 | 7,00 
tents will be as in the Margin, Irv. 92,18. 5,83 


From the Diſproportion or Inequality of theſe Differences it 

| 85 be eaſy to conceive, that there — be ſeveral Casks whoſe 
tents cannot be truly found, according to the aforeſaid ſup- 

pod Forms; and therefore, in order to reify the faid I 

ties, fome Authors (that have written upon this Subject) have 


laid down Theorem: of their own ue * * call'd them 
IB 57 | 


I . 
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tie =29,0 its dren 2,407 IX42=301,10 
mn 


can hold more than the middle Fruſtum of a Spheroid. . But 
always found by Experience, that if the ſecond. and third of theſig 


Tables for-the fame'Pur- 
"But fince it is 6 that 12. geeſs at: the Truthy the 
Paten and eaſieſt Way is to be preferr'd i in Practice ; and that 
is, by finding ſuch à mean Diameter —— the propos d 
N to a Cylinder, 


e Multiply che Difference WEIL the f and Bung 
Diameters, with 9,%. or with o, 68. or with 0,6...or 
„„ N with 0,55. according as the Steves of the Cask are 
more or [cf arching ; add the Product to the Head Dia- 
meter, and the Sum will be the mean Diameter required. 
Then find the Content, as at N Tr. Page 444. 


ED; PTD; Ces D 


7 X o, 5 29,05 2, 3504 NA a 98, 712.39 
7X 0,0 2 28.70 —— 2, 2941 X42 96, 352, 36 
7 xo, 55 = 28,35 —— 2, 2385 Ka 94,022, 32 
From theſe it may be obſerv'd, that the Difference between 


each Cask s Content is regular, and very near equal; which plain 


ly ſhews, that there is not fo much Room left for Error tbis Way 


of computing their Contents, as was by the aforeſaid Forms. 


Now the firſt of theſe four (viz. with 0,7). is very,commonly 


| uſed amongft Gaugers for all Sorts of Casks; but 1 0d never 


gauge any Cask that would contain quite ſo much as that Rule 
did r it; and the Reaſon doth appear very plain from Theo- 


rem a2, Page 427» being compared with Theorem 19, Page gab, 
and the. laſt Figure; viz. that no Cask (being regularly made 


Rules (viz. with 0,6 27 and 0,6) were 2 apply d, they would 
anſwer very near the Truth amongſt the common Sort of Cacks g 
and the fourth Rule (viz. . 0,55) will come pretty near the 
Truth in computing the Contents of Casks, whoſe Staves are almaſt 


ſtreight betwixt the Head and Bung, viz. ſuch as Wine Pipes, Ac. 
$23.6. To find what of Liquor is either drawn forth, 


or remaining, in any ſpheroidal Cask, calf'd theUſtage 
oſ a Cask; bath two Caſes. 


Caſe . To find what . in che Cat, PO 


a is Axis is perpendicular to the Horizon, vz. when | it ſtands 
upright upon one of its Heads, 


1s 


. With the fame Dimenſions as before. Then the 
| up Diameter leſs the Head Dim. is An. Abd 


1 8 wha t Quantity of Liqyor is in it (of Ale Meaſure). when 


32 perſurm this the cake 
„ aaa obs An Circle betwixt the 


| Ro ae” DDE _ B B. | And oo, 
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and roduc will ſhew what of Li _ 
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Bung and Head, whole Die from the Bung or Middle of the 
* Now that may be done unh. 


As the Square of half the Length of the Cask: : is to the Dif. 

_ e ee e 

of any Circle Diſtance from the Bung: to the Difference 

| between the Bun Area, NE on 
{the Area of the La 5 Surlace, 


E bl 
_— 1 


 DemouTracion. - 


—Half the Head Diameter. 

P=the Diſtance of any Circle from 
— the Bung. 

«=Half the Diameter of that Circle. 


8 — 


268, it will be, i 

BY: 55, Per unn And BB: DD. BB—PP: as. 
"DDPP © 
DD—aa 3. 


42 


- 
74 £466,494 


2 of ( the Fraftions, jr 
H— oe He DDPP — Au PP, which gives this 
- :: PP: DD—aa. Then DH. — aa; 
hens om DB, will leave 42. But Circles Area's 
Frag: in Proportion to the Squares of their Diameters, by Theorem 
6. Page 40%. Therefore, Sc. QE. D. Then, from the Bung 


tween the Bung Ares and the Area of the Liquor's Surface; wol- 
uply the Remainder with the Liquor's Diflance from the” 


Example. Let us berg a Cui of the thine Diets with 
A Page 451. and let it be required to 


— nnn 21 
8 | Inches, 


Thien according to the nme Property « of the Ellipfs, Pag | 


bee one third Part of the aforeſaid Difference, viz, be- 
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Faw 288 ve Is * nd the iter from 
the Bung is 21 — 9 = 12 e The Difference 
between the Bung and Head Area's is 1,0917 (227635 — 


1,6718.) Then 441 : 1,0917 :: 144: o, 3564. 


And 2, 7635 — , 3564 = 2, 40/1 the Area of the 2 


Surface. 


* 0, 3564 (0,1 188. And 2 7635 — , 1188 2 2,6447 
: 447 X 12 = 3147364, whe the Cask wants of 6447 
half fall. 


tity of Liquor in the Cask at 9 Inches wet in Ale Gallons. 


And if the Cask had wanted but 9 Inches of being full; then 


50,39 + 31,73 = 82,12 would have been the Quantity of Li- 


or in the 


Note, Becauſe the two firſt Terms (viz, 441, and 1,0917) 2 


in the Proportion are fix'd, viz. continue the ſame for any Di- 
ſtance, twill be very eaſy to calculate the Area's of all the Circles 
betwixt the Bung and Head to every Inch, and by that Means to 


drawn out, or remaining in the Cask at any Depth. 


its Axis is parallel to the Horizon, vez. when it lies along. 
There are Variety of Tables to be found in Books of 


.. thod of comput 
Circle, came v 


thus perform'd: : 


meter as you judge will reduce the propos'd Cask to a Cylinder, 


by the Method laid down in Page 453. And then find its full | 


Content, as in thoſe Ex 


2” Vicks tie Ding Diemoter fuberalk the mean Diameter, and 


half the Difference, (viz. divide it by 2.) 


3. From the wet Inches of the propog'd Ullage, ſubtract the 
ſaid half Difference, and call it x ; then obſerve this Proportion. 


tabular Circle) :: ſo is the laſt Difference 1 x): 
a. verſed Sine in the Table (Page 441.) 


| Then if the tabular Segment, which ſtands againſt that ver- 
fed Sine, be multiply'd into the Content of the Cak, the Product 


. tke mean Diameter: r 
ts. \ 


— Rees. 


\ | | Example | 
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Conſequently 50,39 — 31,73 = 18,66 will be the 


make a Table that will ſhew what Quantity of Liquor is either 


Caſe 2. To find what Quantity of Liquor i is in = Cask, 3 


for this Purpoſe ; but I always obſerved, that the following Me- 
ing the Ullage, by a Table of the Segments of a 
near the Truth in all Sorts of Casks, which is 


1. By the Bung and Head Diameters, find ſuch a'mean Dia- 7 


7 ſhew the Ullage, viz. what Quantity of Liquor is cither in | 


of zight-lin'd Figures in Buſhels at one Inch deep, and 25 38 will 
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Here 329.5 2,45 j ti balft is 1,1 1 W 
; n 29,05 : 100: : 9,28 : 0,319=V.: Sine; its Segm. is 0,2748 
And 98, 71 X 0,2748=27,12 the Number of wet Gallons. 


| Again Z1+5—10,5= =21 thedry Inches ; and 21—1,22=1 9,78 
5: 100:: 19,78 : 0,68 ; its Segment is O, 244 
And 98,71 | 


0,72412271,48 the Nuniber of dry Gallons. 


Froof 1,48+27,12=98,6 the Contents of the Cask very near; 
which lf 71-44 appro paeb the Comer 


N far may ſuffice concerning Gauging of Backs or 

Tuns, Coppers, and Casks, c. To which I ſhall fie add, 
that as the Contents of all Brewers Utenfils are to be computed 
by the Ale Gallons, ſo the Contents of all Diſtillers Utenſils 
(vrz. all their Waſh- Backs, Stills, and Casks, Se.) mult be com- ” 
puted by the Wine Gallon. 
And in gauging of Malt (upon which there is now a Duty of 
g four Shillings per Buſhel) you muſt obſerve, That a Corn or 

Malt-Buſhel 11 x 4 Inches; (See Page 42.) 

and therefore in gangin or other Veſfeb, 
21 50, 42 will be a — — „ 


rr 

1gures 
I have omitted the Buſineſs of gauging Maſh- Tuns, and ta- 
king an Account of the Goods or Grains, in order to eftimate 
what Quantity of Worts were produc'd from them, Cc. becauſe 
 T-could-never find (by all my Obſervations) any Certainty there- 
| in;-nor is it poſſible there ſhould be any, by Reaſon of the great 
Difference that is in Malt (and its Grinding too) for the beſt 
| . (well ground) will vield or produce the moſt Worts, and 
de Wan pr 62. bad & (bing ground) yet 
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1h of Conſtructing the Tables of the 
Los Air nus dun, fc. Alſo the Demonſ 
CC and Doctrine of Plans + 
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K E Mathematich — ly received * 
Aduantages; firſt, by the Introduftion of the In- 
dian Characters, and afterwards by the Invention of 
Decimal Frattiong; - yet bas it e . 4 7 
| mich from the hroention of Lhgarit be as fo 4 
| other two, The Uſe of theſe, ne is of the 
greateſt Extent, and runs through all Parts of 1. 
5 Ss. By their Means it is that Numbers almoſt in- 
Fnite, and ſucb n are othirwiſh imfraticublC)ers ha- 
naged with Eaſe Expedition. By their Aſiſtance 
the Mariner fleers bis Veſſel, the Geometrician inveſti- 
gates the Nature of the higher Curves, the Aſtronomer 


determines. the: Places of- the Stars, the Phildſapher-ac- 
counts for other - Phenomena” of ' Nature ; n De 
Uſurer computes the Nrereſt f bis" Money. © SEE 


We Subject? of the following Treatiſe has — culti- 


= * by Maha Bd ok the jþ Joris of aphots, 
= in the whole Doctrine, WF hearn- 

we ſcarcely intelligible to any but Mafters. Os 

again, accommodating themſehyes to the 

 Nowces, have jeleZed-out Jane's the moſt eaſy edu. 
ous Projerties-of Logarithms, Bur have left their Na- 


4 


C ̃ fallowing Trat?, is to} 
Seemed fill wanting, . viz. to diſcover and 


of Logarithms, to thoſe 3 
The 


* the Elements of * and „ 


2 — 


FEBFACE 


7 e Trvention's, 2 we owe. 70 es | 
. e wbe wat the fit that conſtrued and pab- . 
| hfbeda'\Cnon theregſſ dt Edinburgh. 2 che Near 16143. 
Thi ad 9977 graczoufly received by all Mathematicians, 
who. bene immediately ſenfible of . Mes extreme uſefulneſs 
_ thiveek pd ft i ua! to have various Nations. 
contending for the Glory of any notable Invention, yet Ne- 
2 Jon's the Inventor of . and 
* «thereof without any 25 
ter ard, — nog 
en of. Logarithms, which be. 
temat odmmunicated te Mr. Henry Briggs, Profeſſor. 
of Geometry at Oxford, who was hereby introduced as 4 
. But, tie Lord Neper 
ae . 2 Was 1 


155 4 an 
exterity,compaſs 124 4. ithmic Canon, 4 
— or ary fer the firſt twenty Chiliads of 
Numbers, (or from\1 9:20000) and for eleven other 
.. . For all which. 
Nuinhers he:calcdleted the Logarithms to fourteen Places. 
nee. r N 
3 the ear 1624. 2" » Ws 
_ Adrian Vlacg puNifhed ag ain this Ginny at Conde; 8 
Holland in the Year 1028, wh the intermediate (bi- 
lad before amitred elle: up according. to Brigg's Pre- 
 ſeriptions ; but theſe Tables are not ſo uſeful as Brigg ;, 
.- becauſe the Logarithms are continued but to 10 Places 
of Figures. . 
* 2 Briggs alſo bas calculated the Logarithms of the 


Sines and Tangents of every Degree, and the hundredth 3 3 


Parts of Degrees to 1 5 Places of Figures, and has fub- 
. "mM 10 them the natural Sines, Tangents, and Secants, 
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t I Places 7 Fi es. The 7 the Sines 
and TD are pore Artificial Sines 2 Tangents, 
but the Sines and Tangents themſelves are called nau 
ral. Theſe Tables, together with their Conſtruction 
and Uſe, were publiſh'd after Brigg: Death, at Lon- 
don, in the Tear 1633, by Henry Gellibrand, and by 
him called Trigonometria Britannica. + 
Since then, there have been publiſhed, in ſeveral Pla- 
ces, C01 Tables, wherein the Sines and Tan- 
gents, and their Logarithms, confift of but ſeven Places 
of Figures, and wherein are only the 2 of 
. the Numbers from 1 to To00DG, WEIS ax ener 


for moſt Uſes. 
of theſe Tables, in my Option, is 


_— 


- The beſt Di 
that, ff thru of by Nathaniel Ras of Suffolk ; and, 
/ / with ſome Alterations for the better, followed by Sher. 
win in bis Matbematical Tables publiſd at London 
in 1705; — LANCER to 101 
confifting of 7 Places of Figures. To which are fub- 
Joined the Differences and onal Parts, by Means 
2 eaſily the Logarithms of Numbers 
3 oe at 2 Time that =_ 
arithms only of 7 Places of Figures. © Here 
6. alſo the Sines, T, eget, and — 8 with the 
Logarithms and Diferences for every ee and Mi- 
mite of the Yuadrant, — * _ Tables of _ in 
3 2 
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CONSTRUCTION 


LOGARITHMS 


H ESE moſt excellent and uſeful Nombers were firſt in- 
. vented. by the famous and never to be forgotten Lord 
- Neper, Baron of Merchifton in Scotland, aforeſaid (Azn. 
1᷑856 14.) who ingeniouſly contriv'd to perform Multiplica- 
tian #hd Diviſion of Natural Numbers, by only adding or bing. | 
ing certain Artificial Numbers, which he called Logarithms, and 
\the r of Roots by dividing g the Log. by 2 for the Square: 
by rhe. Cube: by 4 for the Biquadrate, &c. | 
1 of his (no doubt) proceeded from a mature Con- 
' Gderation of the Coherence that i is betwixt Numbers in Geome- 
ical P and thoſe in * Progreſſion. 
As in theſe following: | 
VN. 1 44.4.8. 16 32 64. 128, Ec. . 
0. 1. 2. 3. 4. 5 . 6 . 7, Sc. Arithmetical. 
1+ is very perceptible, that, as the Numbers in the Geometrical 
Propartionals are produced by Multiplication or Divifion, thoſe in 
the Atithmetical P I e 663 
en: As doth appear in this Example: | 
4X32 =128 128 = 32.= 4 Geometr. 
Err ＋ 127 For 1 7 — A 4 EC 3 
A 4 1. 10. 100. 1000. r ' 100000, &c. Geometr. 
gin, Jo. 1 2 3 „ 5, Se. Arithmet, 
| The fine Coherence is bert theſe latter, a as been th | 
-IOOOKIO = IO0000 1000001000 100 r. 
2 ee 5 — 3 = 2 Axitbmet. 
Either of theſe Examples do ſufficiently ſhew the Reaſon bad wry 
Ground of Logarichms. 
And rom he nr of tht war that te pr lab. 
6 were firſt aſſigned, . © "ok 
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Having laid t v Foundation, n 
the Logarithms the ibm rs Wark was twin 


and 10, viz, of 2, 3» 45 5» 6, 7, &c. Kay of thoſe betwixt 10 1 
_—_— £47 31 + I4s 15. Ce, and ſoon for the reſt, This 
ifficulty , and very laborious. THF A 
8 Sig. in order — (as Tesgceive) was to webe 
a Rank of continual Means betwixt 10 and 1, ſo as that ſt 
(and leaſt thereof) might be a mixed Number leſs than 2, and fo 
NEAT 1, as to have futlts NMugb r ef r before the ſignificant 
Figures thereof, 28 was intended the of Logarithms in the 
200 - ſhould conſiſt of. Which Means e 
the ſquare Root of 10 (having firſt annexed 2 competent 
Numbe of Cyphers thereunto;) then the Root of that 
Root, und ſo by x continued Extraction vf Root out of Root, until 
there be a Root ſo qualif) d' as before memioned: 1 — 
a Tahle to ſeven Places in the Logarithms, will An heria 
ſeveral Extracti de lafk of which will. produce 3 
. | 
The next Step was to find out a Neiiber betwize (i) and (o) in 
Arithmetical Progreffion, that might truly cotreſpond with the 
Menn before found (betwixt 10 and 1) ſuch a Number muſt con- 
ſequently be its Logarithm. Aid this may be ſound by a conti- 
nual biſecting (ot hetving) of 1, ſo oſten as was the Number of the 
foregoing ExtraQtions (to wit; twenty- five) the laſt of hich Biſec- 
tions will produce 5 oc. the true . 
of 1, 000000686238. 8 
For as 700000686223 38 by ewenty-five contiqued: Invotuti- 
ons (vzz. firſt into itſelf, . that Product into itſelf, and ſoon ſuc- 
ceflively) will produce 10; ſo will 0,d0000002980232, 4 the. 
like Num ber of-Dovblings and Redouhlings, produce 2 
This Mean (or Number) and ts Logarn bing ths ſown 
will follow by Proportion, As the fignificant: Figures of | this 7 
are to the fiynificant Figurei' of in Lgeribs 2 : ſo: arg ide figni- 
E Figures of any Mean, betwikt am given. 2 
ving 


» 


the fig 


ſe= . 


are bn the given Number, For the clearing of this, take an 
Suppoſe it were required to find the Logarithm of the Number 2, 
to ſeven Places. Firſt, by a continued Extraction of Root out of 
Root, beginning at 2, find ſuch a Mean, or Root as before, betwixt 
2 and 1, as will have ſeven Cyphers before its fignificant Figures; 
Which, after twenty-three ſeveral Extractions, will be this Number 
I,coooooo8262958. Then, according to the foregoing Propor- 
tions, it will be 6862238: 2980232 : : 8262958 : 3588557. To 
which prefix ſeven Cyphers, as before directed, then will 
_ 1,00000008269958 have for its Logarithm, ,0o0000003588557 3 
which being doubled and redoubled, as aboveſaid, will produce 
o, 30r02997958658, the true Logarithm of 2; which being con- 
ed to ſeven Places, according to the firſt Deſign, and agreeable 
tothe ſeven Places of Cyphers, then it will become 0,3010299. But, 
in all the Tables that I have ſeen, the Logarithm of 2 is 0, 3010300: 
I conceive the Reaſon is, becauſe the remaining Figures 7958658 
come ſo near Unity of the laſt Place in the retained Figures. 
And, by the ſame Method that this Logarithm of 2 is made, may 
the Logarithm of any other Number be found. But when once 
the Logarithms ofa few of the prime Numbers, viz. of 3. 7. 11. 1 Þ 
Sc. (that is, of ſuch Numbers as cannot be produced by the mul- 
tiplying of two Integer Factors) are obtained, the reſt may be eaſi- 
compoſed by Addition and Subtrafton only. For as 3X2=6 
Log. of 3-+ Log. of 2. =Log. of 6. And as 10 - 2225 
fo Log. of 10— Log. of 2. = Log. of 5. The like of all Numbers 
that have aliquot Parts (that is, ſuch Integer Numbers as may be 
divided by Integers.) And indeed the Logarithms of ſeveral of the 
prime Numbers may alſo be obtained by Addition or Subtraction, as 
might eaſily be ſhewed, and is not difficult to conceive by any one, 
| who but duly conſiders the Nature and Deſign of Logarithms, 
Ec. of which I ſhall forbear ſaying any thing in this Place, and 
keep to my firſt Deſign herein, which was to give a brief Account 
of the ingenious Author's Method, as I conceive it, of making 
the ſame : who undoubtedly found it a very difficult Work, by Rea- 
ſon there are required ſo many ſeveral Extractions of Roots out of 
Roots, which muſt needs render it both troubleſome and labori- 
ous. Then to propoſe a different Method of raifing the — 2 
FX... | & | 8 It 
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304 
rithms of ſuch prime. Numbers 1 
the Extraction of Roots to obtain their 
tenth Part of the Trouble and Time required 5 the brovoing Me- 
thod. And not only fo, but more exact; for, by our preſent Me- 
thod of converging Series, the Root of any Power, how high ſo- 
ever it be, is eaſily found at one fingle Extraction; and thereby 
the Errors which <Y ariſe by exttacting a Surd Root out of a 
Surd Root, eſpecially when often repeated, are avoided; and con- 
| ſequently ſuch a Mean, as may be required betwixt any Number 
and Unity, is thereby more exactly found. | 
Now, how this may be . I here intend to ſhew, as brief- 
| lyasT can. In order thereunto, take this as a Model. | 
Let a=theRoot, or Mean required betwixtany Number afid Vaity: 


1. 5 = 0 4 an =D a %. = U an 
7 aue = Of of . U a 4 = UI ss 4 
And ſoon ſucceſſively with the Indices in Geometrical Progreſſi- 
on, until the Power of a be made equal to ſuch a Term in that 
as that the Root, or Value of a may have, betwixt U- 
"nity and its ſignificant Figures, ſo many Cyphers, as are the in- 
tended Number of Places in the Logarithms. 
For Inſtance, let it be required to find the Mean between 10 and 
x, then the Power of a muſt be a3544* — 10, this Index 33554432 
being the 25th Term in Geometrical Progreflion, which may be 
thus determined. 5 
Loet 1, the Characteriſtic or Logarithm of 10, be divided by ſuch 
a Term in Geometrical Pr , as will cauſe ſuch a Number 
| of Cyphers to be before the ſignificant Figures in the Quotient, as 
re required to be before the Figures of the Root a; ſuppole 7, as 
| before. Then 1 33554432 =,00000002980232, &c. which 
is the true Arithmetical Mean (as before found, by a continual bi- 
ſecting of x) correſpondent to that ſignify'd by a; and therefore the 
* Valueofs found by extracting the reſpective Root of 10= 9335547 
will be the Mean required; viz. 1,00000006862238 whoſe Log. 
is ,00000002980232. Theſe, being found, are the Foundation of 
the reſt, as before. 
T ben ſuppoſe it be required to find the Logarithm of any of the 
prime Numbers; if you pleaſe, that of 2. In order thereunto, let 
q= the Root or Mean ſought betwixt 2 and 1, as before; then muff 
à de continually involved, as by the above Model, until its Index 
' be-equal.to the greateſt Term in Geometrical Progreſſion, whoſe 
Number of Places of Figures are to be equal to the Number of re- 
225 . beſore , to wit 7. According to my: the 
: ower 


which 
cans, 1 one 


E comple, 


Let v TY i=8# 
Then will 3388633 . g 88608 e, 
+35184 367894528 OOO et 


Suppoſe r = I 
Then x + 8388608-+35184.367894528ee=2. 
That is 8388608 35184367 8945286 1 


Each Part being divided by the Co- efficient found prefixed to es, 
vi. 351843, Sc. then it will become 


,0000002 ge- Tee, oooo00οοο, == 


D 
onſe 
_ Coney ; 00000023 T. > 
$000000000000284 = D 
,00000023 (00000008 = e 
* e = ,00000008 — 


— 5 30 
Diviſor ,00000031 | 
p Firſt r= I, 


+ e= ,00000008 


New r 72 1,00000008 | 


which being duly involved, in the ſame Order as the Model de- 
notes, and multiplied into the reſpective Co-efficients, will then 
produce theſe Numbers, 
Viz. 1,9 «6263896741641 I 1684-688 3347 6066289ee = 22 
Then 16411168 ＋6883341 — — 
And eee AO 


D 
C * 0 ,0000002 384. Pe © 


,0000000000000006 293=D 


0000092384 480 (,00000000263 = ue 
& = ,0000000026 — 
—_—_— 
Divifor 2000000240 14400 


Diviſor ,0000002410 92330 


e 7 — 


Laſt r = 1,00000008 
* 2 200000000263 


New r = I,00000008263 | 
I take only 1,0000000268 ; the which being involved, and 
ordered as before, will produce theſe following Numbers, viz. 
1,99950 — + 16773028. + 7035126745408 4A = 2 


Then 1677 3028e + 7035 126745408 f ==,000496315133 
»0000002 384186e- ce 0000000000000000070 548 14432 


3 i; 0000002384186 T nds 


| ,.0000000000000000070 5481443=D 


»0000002 3841866 47686 (,0000000000295=e 
+e= »0000000000295 Sg 
3 2286214 
Diviſor ,0000002384.3 8 — 
Diviſor ,000000238447 3 14019143 | 


11922405 


Diviſor 20000002 38448 1 1 
EZ (870 


Niere I deſiſt forming a 1907594 
new Diviſor and make uſe - | . 
of the Abridgment. I 532 HEE 
55 £ 6252 30 | | 
Be = 222396 | 
Laſt r = 1,0000000826 214596] 


A— 


; +e= »0000000000295879 ——— 


a= = 1,0000000826295879 ; 


This Value of a= 1 ,00co000826295879 | is the Grameticat 

Mean betwixt 2 and 1, as was required; (agreeable to that before 

found, by twenty-three ſeveral Extractions.] And by this Me- 
 thod of proceeding, may be found the Mean betwixt To and 1, 
wiz. 1,00000006862238, or betwixt any other of the (beſore-men- 
tioned) Prime Numbers and Unity, as might eaſily be ſhewed. But 
for Brevity Sake, I ſhall omit giving more Examples thereof, this 


one being ſufficient (eſpecially to the Ingenious) if well conſidered, 
and but once underſtood, to ſhew the Nature of, and Manner 


how to E * of finding any propoſed 


2 1 . 


f * * 
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Mean. The next Thing will be to find the Logarithm of the 
Number from whence ſuch Mean was produced, which may be 
thus performed. BI 5 8 
Firſt, find its correſponding Arithmetical Mean, or Logarithm, 
dy Proportion (as in Page 462.) Then multiply that correſpon- 
ding Mean, ſo found, into the Index Number of ſuch Power as 
the Geometrical Mean was produced from; that Product will be 
the Logarithm of the given Number (without a continued Dou- 
bling and Redoubling, as beſore.) For the clearing of this, let it 
be required to complete the Logarithm of 2. 5 
Having firſt found 1, 000000062622 38, the proper Geometri- 
cal Mean betwixt 10 and 1 ; alſo its correſponding Logarithm 
 ,00000002980232 (as before directed) with them, and the Mean 
betwixt 2 and 1, laſt found, viz. 1,0000000826295879 ; make 
uſe of the above-mentioned Proportion (as in Page 463.) viz. 
6862238: 2980232 :: 826295879 : 358855729 
To which prefix ſeven Cyphers to complete it (as before.) Then it 
will become ,0000000358855729. This Number being multi- 
- plied into the Power of a (What that is, ſee Page 465.) will pro- 
duce the Logarithm of 2. 3 
wz. 0000000358855729 * 8388608=0,30103000391352 
But according to the hiſt Deſign, it is required to have but ſeven 
Places, viz. o, 301 300; which is the true Logarithm of 2 without 
Thus 1 have preſented you with a new and expeditious Method 
of making Logarithms ; which if they were required to fourteen 
or fifteen Places (I can modeſtly ſay) they might then be made 
with one twentieth Part of the Time and Trouble required by 
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A New Table 


of Logarithms. 


ing to a Logarithm, by Multiplication only. 


Lag. Nat. Num. 
whe 7943282347 | 
0,8 6.309573445 
0,7 5.011872336] 
49,0 3-981071706 
0,5 | 3-102277660 
19-4 | 2-5118864 32 
[23 1.995 262315 
0, 2 11.584893 193 
0,1 11.25892542 
Jo, o 9 1230268771 
0,08 | 1.202264435 | 
0,07 1.174897555 
0,06 1.148153621 
0,05 11.122018454] | 
RE > 1.096478 196 
| 0,03 1.071519305 | 
0,02 1.047128548| 
_ [oor 1.023292992 
40, 09 1.0209 39484 | 
0,008 1.048591388 . 
0,007 '1.016248694. | 
0,006 1.01391 1385 
0,005 I.011579454 
0,004 1.00925 2386 
0,003 1.00693 1669 
0,002 | 1.004615794. 
0,001 11.002305 238 
0,0000 1.002074475 
0,0008 1.00 1843765 
o, 1.001613 109 
0,0006 1.001 382506 
19,0005 1.001 151956 
, 0004 1. 000921459 
0, oo03 4.0006910ʃ5 f 
0,0002 1. 000460623 
0,001 1.0002 30285 


— 
e 


METH 0 D III. 


Compes'd by Mr. Lon e. Fi 
the Logarithm by Diviſion only, and the Natural Number belong- 


Nat. Num. 

J 1-000207254} 
0,00008. | 1.000184224 
 0,00007 1.000161194 | 
0,00006 1. Siu | 
0,00005 | 1,00011513 
o, oo | 1.000092106 | 
0,00004 | 1.00006g080 | 
0,00002 1. . 
o, | — 
— — —— 

0,000009 1:000020724 
 0,000008 1.0000 18421 
0,000007 1. 000016118 
o, 0006 1 000013816] . 
0,000005 - 1. 000011513 
0,000004 | 1.000009210 
0,000003 | t.000006908 
0,000002 - | 1.000004 605 
0,000001 | 1.000002302 þ - 
| ———- — — — 
,0,0000009, | 1.000002072 
0,0000008 | 1.000001 84.2 | 
o, o | | .000001611 | 
0,0000006 1. 000001381 
0,0000005 | 1.000001 151 | * 


r 
= 


* * 
7 


AE | 


. 


Thi 


2 2 * 
* = 
KEE 


" Fhis Table I ſometimes — uſe of for finding the Logarithm, 
of any Number propos d, and vice verſa. Suppoſe.I had Occaſion. 
to find the * of 2000. I look in the firſt Claſs of my 
Table (the whole Table 99 2 of 8 ee ) for $a next leſs to 2, 
which is 1.995262315 t is 3, which conſequently is 
the firſt Figu 2 of I rats aged ought. Again, diving & 
Number „ 2, 5155 15995262315 the Number found in the 
Table, the Quotient is 1. 002374467; which being look d for in 
the ſecond Claks of the Table, and finding neither its Equal, nor a 
Leſſer, I add o to the Part of the Logarithm before found, and 
look for the ſaid Quotient 1. — Br in the third Claſs, where 
the next leſs is 1.0023052 38, and againſt it is 1, to be added to 
the Part of the Logarithm already found; and dividing the Quo- 
tient 1.02 374467, by 1, 002 305238, laſt found in the Table, 
the Quotient is 1.000069070; which being ſought in the fourth 
Claſs gives o, but being ſought in the fifth Claſs gives 2, to be 
added to the Part of the Logarithm already found; and dividing 
the laſt Quotient by the Number laft found in the Table, viz. 
I.00004605 3, the Quotient is 1. 0002 30 15, which, being ſought 
in the ſixth Claſs, gives 9 to the Part of the Logarithm already 
found: And dividing the alt Quotient by the new Diviſor, viz. 
I.000002072, the Quotient is 1.000000219, which being great- 
er than 1.000000115 ſhews that the Logarithm already found, 
vix. 3.30 10299 is leſs than the Truth by more than half an Unit; 
vherefore adding 1, you have Brigg's Logarithm of 2000, vix. 
3: Tas 4 
Logarithm be given, ſuppoſe 3. 85 10300, throw away 
the Charatterific, then over againſt theſe Figures 3. 0 . 1. 0 
. o, you have in their reſpective Claſſes LT 38... 0 
1,002305238 o 4» 0,9 156% % %%ỹöß 0 . 0 which ; 
multiplied | continually into one another, che Product is 
2. 0000000 19966, which, by reaſon the CharaQeriſtic i is 3, becomes ' 
2.000,0000 19966, Cc. that is, 2000. the Natural Number deſired. 
I ſhall..not mention the. — — which this Table is fram 'd, | 


Numbers are no other than ſo many Scales — 1 : 
In the firſt Claſs, between 1 and 10; ſo that the laſt Number 
thereof, Viz, 1,258925412.is the tenth Root of io, and the reſt in 
order are the Powers thereof. So inthe ſecond Claſs, che 
laſt Number 1,023292992. is the hundredth Root of 10. and the 
reſt. in the ſame Manger are Powers thereof,. So 1. 002305238 in 
* third Claſs, is the tenth Root of the laſt of the ſecond, and 


the 


1 * — r 
* = * ks of * 4 * * 5 = i 
4 * 
9 


— — — „ — 1 „ — — 


= —__— 


the 7h ns Powers, F. 5 ny rg 
. the Claſs, is the tenth Power of the cor Num- 
ber in the next following Claſs : Whence tis plain, that to con- 
ſtruct theſe Tables requires no more than one Extraction of the 
fifth or ſurſolid Root for each Claſs, the reft of the Work being 
CC - 


METHOD IV. 


Their Conſtruction, according to the common Rules, given Fl 
many Extractions of Roots, is tedious ; the beſt Way yet enn 
is this which follows. 


l To make a Table of Logarithms. not 
Ni, Put for the Logarithm of 1; 2 Cy; for the Index, and 

2 competent Number of Cyphers for the ithm, according to 
the Number of Places you would have your Logarithms conſiſt of; 
for 10 an Unit, with the fame Number of Cyphers ; as 100, 2 
2 Cyphers; for 1000, 3; with as many Cyphers, &c. 
__ .. Sxcondly, the Difference between ſome two Logarithms a- 
1 or rather above I0000, that differ by Unity ; thus 


the two Numbers together * rh_han= vr $ and 


multiply again by * 1 2518 96 * which laſt Pro- 
duct divided by the Arithmetical both Numbers, 


the Quotient is the Difference ſought. <8 
" Suppoſe we would find the Difference between the Log. 1000 
and 16001, the Product of theſe two Numbers is 1. ooo 10000. which 


multiplied Dy 4343 produced 434 43433 4 
quotes 4343 · if of ro, which is 


4-0000000, you No 1 — found, to wit, 434, the 


Sum 4. ooo is the true Logarithm of 10001 to 7 Places. 
Hang thus found the Difference oſany n ee 5 
differing by Unity, and conſequently ſome of the Lagarithms by 
dividing the Difference found by the Arithmetical Mean, between 
any two Numbers" differing by Unity, you Tull live he Die . 


rence of the 1 of thoſe two Numbers. 

Thus to find the Difference betwixt the Logarithm of 274, and 
2753 divide 4343-1 the Difference of the Logarithm of 10000, — ; 
20001 by 2745" the Quotient 15821, is the Difference ſought. 
ly, Having by this Means found a few of the prime Lo- 
parichms, c 
* ing. 
—— the Carve experi s Logarithms, See Keil's 
Trige band 149, Ce. id * 


a — Ls — 


Ing made "the Canon upward, above 1000 to 10000, by Conſe- 
it is 45 0 inferior Numbers. 
I be prime Numbers to which Logarithms muſt be found, in 
firſt Place, are theſe, 2. 2 11. 13. 17. 19. 23. 29. 31. 37. 
41. 7 - 9561. 
1 Vid Cy 
But ſince it was 4 jor and laborious, to find the Loga- 
rithms of the prime Numbers, and not eaſy to compute Logarithms 
by Interpolation, by firſt, ſecond, and third, &c. Differences, there- 
fore the great Men, Sir Trac Newton, Mercator, Gregory, Wallis, 
and laſtly, Dr. Halley, have publiſhed infinite converging Series, 
by which the Logarithms of Numbers to any Number of Places 
may be had more expeditiouſly and truer : Concerning which Se- 
ries, Dr. Halley has written a learned TraQ, in the Philoſophical 
Tranfattions, wherein he has demonſtrated thoſe Series after a new 
Way, and ſhews how to compute the Logarithms by them. Bute 
I think it may be more proper here to add a new Series, by Means 
of which may be found, eaſily and expeditiouſly, the Logarithms 
of large Numbers. 
Let a be an odd Number, whoſe Logarithm is ſought ; then ſhall 
the Number z—1 and r be even, and accordingly their Lo- 
garithms and the Difference of the Logarithms will be had, which 
let be called y : Therefore, alſo the Logarithm of a Number which 
is a Geometrical-Mean between z— 1 and x +1 will be given, 
VIZ. * to _ wk ar aa Now the Series 
= 2D 
XxX 4% 17 — ＋ 72 == * 122 n. 
be equal to the 3 of the Ratio, which the Geometrical- 
Mean between the Numbers z—1 and z T1, has to the Arithme- 
_ Mean, viz. to the Number z. 


If the Number exceeds 1000, the firſt Term ofthe Series - — is : 


ſyſficient for producing the Logarithm to 13 or 14 Places of "Fi | 
gures, and the ſecond Term will give the Logarithm to 20 Places 
of Figures. But if z be greater than 10000, the firſt Term will 
exhibit the Logarithm to 18 Places of Figures; and fo this Series 
is of great Uſe in filling up the Logarithms of the Chiliads omit- 
ted by Briggs. For Example; It is required to find the Logarithm 
of 20001. The Logarithm of 20000 is the ſame as the Logarithm 

of 2, with the Index 4 prefix'd to it; and the Difference of the Lo- 
ithms of 20000 and 20002, is the ſame as the Difference of the 


rithms of the Numbers 10000 and 10001, viz. o. 0043477 


87007: And if this Difference be divided by 4z, or 9 
10. 


/ 


2 71. 73. 79. 89. 7, Ce. or tbe 


42 
And if the Logatithas or the Geometri- 4. 30105 1509302426 


cal-Mean be added to the Quotient, the 


Sum will be the rithm of 20001. 0105 1 230 
Wherefore it is — that to have n 709845 , 

the Logarithm to 14 Places of Figures, there is no Neceſſity of 
continuing out the Quotient beyond 6 Places of Figures. But if 
you. have a Mind to have the rithm to 10 Places of Figures 
only, as they are in Ylacg's Tables, the two firſt Fi be | 


Quotient are enough. And if the arithms of the Nombers a- 
bove 20000 are to be found by this Way, the Labour of doing 


them will moſtly conſiſt in ſetting down the Numbers. Note, This 
Series is eaſily deduced from that found out by Dr. Halley ; and thoſe 
who have a Mind to be inform'd more in this Matter, let them 
conſult bis abovenam'd Treatiſe. 


Mr. WAR D's Eah Method of making the Canon of 
Dines, Tangents, 8 


Fuse. Jet me premiſe two Thiogs, 4 the Periphery of a 
Circle, whoſe Radius is Unity or 1, is 6.283185, &c. and 
that the natural Sine of one Minute doth ſo inſenſibly differ from 
the Length of the — — be taken for 


the fame. 


A. the Peri iphery in Minutes: is 10 the 
| Periphery i in 2 Parts of the Radius:: 


Conſequently, 1/0 is one Minute : to the Parts Sent 
Lto that Minute. | 
That is, 21600“: 6,283185 : : : 0,000290888 = = the N 


tural Sine of one Minute ; ; which deres with the largeſt Table of 
Sines I ever ſaw. 


Having thus got the Sine of one Minute, its Co- ſine * 
thus found: ; | 


Suppoſe 


"Mat if Sines, 7 4 473 
Suppe Rr RF Senne 8N=the Sineof the 
Arch SA. Then RN=CSis the Co- hun. 

Sine of that Arch. But ARS N 
S N 0 KR N,. conſequently 
MY OURSEOSN=RN. 
That is, From the Square of the. | 
Radius, fubtract the Square of the C 
Sine if . the ſquare Root. of the 
inder will be. the Co-Sine of 

Chap. . Prop. r. In Numbers, 
ee of 1' is 000290885, its Square 4 ö 'A 
is 0,000000084612; and 1 — * N. "N 
0,900000084612 = o, 999999915 388, the ſquare R. Root thereof i is 


99999995 = the Co- Sine requiret. 
1 Sine and Co-Sine of one Minute being thus obtain di All 


the reſt of the Sines in the Quadrant may be gradual) calculated 
by Mr. Michael Dary's Sinical Proportions; which I ſhall _ 
inſert, to the ſame Effect as they are in his Miſcellanies; | 


then explain and demonſtrate the Truth of thoſe Proportions: 
We. a _ of Arches be equi-different ; 


A the Sine of of any Arch in that Rank : is ” the Sum f the 
Sines 4 on two Arches equally remote from it on each Side: : * 
; n — e igt e of any other Arch in the ſaid Rank :'to the Sum 


of the Sints of twa Arches next it on each Side; having the 
Lune common Diſtance. 
3 after theſe Proportions, he lays down the follow- 
ons: 
e Arches equi - d ent, 3 aogates.; - if (ſaith he) you 
put Z = the Sine of pe Extreme, y =the Sine of the leer 
aue 22 the Sine of the Mean; = : the Co-Sine thereof ; 
D the Sine of the common 8 ; 4. the Co-Sine thereof 5 
Es = the Radius. 
. Then Z +3 = = Sake, 2. Then 7 2 
R MiJ+mD. 
2. Wes Ant- e, 
From che foregoing it i evident (faith he) that if two Tide, 
i either the former or lattet 65 D egrees, of the former 30 Degr. 
and the latter 30 Degr. of the Quadrant be. completed with Sines ; 
the remlining Pare of the © a may be complete by Additi- 


Thus 


on, of SuberaBtion only. * 


i 


ü a * 5 1 a a y _ wi * 4 = 1 
i | a a . * 2 2 4 8 T + WR 2 7 * . 
: * 1, wt an 
K K T * ? 
4V * * py . Fe 
— 1 N 
41 * p 2 9282 L * 
* wy + 0 n * R * c = * ju 
r 7 - 1 
K . 4 15 f — — * 

5 n 1 N W \ 

* fo — 9 * 
\ . 
* >” 2 zz 
_— 4 A 
: 
5 
4 1 
5 * - : 
« "> q * 
= 
! * , 
oY ©, 
. 
& Av 


In the annexed Cir- 
cle DA==da are Dia- 
meters, fh gha gab 
be, are equal Arches. 


„7g parallel to | 
Lf. And 28 445 — | 
aG 

both - 3 
9 hs 2 
becauſe ſubtended * | 
the equal Ar Arches ac= 
fa. 


| Therefore da: de: Of: fs... 
Conſequently Ada: de:: 10: Ge. But =6f, whence EA 
30% and; 4 the Radius, dp dc. Therefore it will be, 
Radius: 2% r HHG, GN + Ne=GN + Lf. That 
is, as the Radius: is to twice the Sine 4p : : ſo is the Sine HM: 
to the Sum of the two Sines GNand FL. fL. Q. E. D. 
I ſhall now explain theſe Proportions, and bow they may 
be applied in Practice: Having the Sine of one Minute, and its 
Co- Sine as before ; let the Radius be made the mean or middle 
Termberween thoſe two Extremes; then the Proportions will run 


| E= : fs to the double Co-fine of one Minute: 7 7 


5 the Sine of one Minute: to the Sine of two Minutes, and of 


fo is the Sine of :: to the Sum 0 wp dang 2 
2 e and fo is the Sine of K to of t 
aa 3 


And then, if from the Sum of the Sines of 3 and 1 be taken 
the Sine of 1', the Remainder will be the Sine of 3: And the like, 


i, from the Sum of the Sines of 4 and 2', be taken the Sine of 2, 
there will remain the Sine of 4, &c. | 


© Proceeding an by this Method, all the Natural Sines in the Qua- 
drant may be cakly calculated by Addition, and Subtraction only. | 
; Forthe Ri, o Tem i the Proton bing ne 


. : 2 ' * 
= 
. , g N 


[ 
un. 


or © Tine. "Diviſion. — — rye gn 4 


r F UN ; p 
V . J << Mt; £ 
a n "XY 
p * . © 
2 : N 
W 1 
4 . þ * 
x 4 
, -H 
«% r 
Fo 
14 9 .--* 
. 
, = 
* OEF 8 
14 
- 
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Termin the Proportion varies not, if a Tariffa, or ſmall Table be = 


made thereof, to all the nine Digits, then tion is al- 
ſo avoided. For, by the Help of that Tariffa, the whole Work 
eget 


7 

3 bus. you have an eaſy Way of making the Canon of Sines; 
which being once done, the Tangents and Secants may be found 

by the following 


As the Co-fine any Arch : is to the Sine of that Arch :: 
Proportions. 1 bean . 
That is, by the fit Scheme of this Problem, 


RV. SN: : RA: TH. And RN: RS : : RA: KL S the Secant 
of that Arch, 


DEFINITIONS. 


= a ſtrait 33 
Diameter paſſing thro' the other 


; which is equal to the Radius or Semi- -Diameter of the 
gn the Sine of an Arch greater than 

leſs than the Radius. 

of an Arch from a Quadrant, whether i b 


; Bl i the Sine of that Complement 


half the Chord of twice the Arch > fo BF is the Sine 
And here it b ns. that the Sine of 


t; ſo HB is the Comple- 


rn, SR ARCs Rd Watt al us Sad 
c An.) Leda. io EE Ie . N 


an rherdfore — the cone, or Sine-Complement 
Ricke BA; BD. a 1006700 


45 "Lt been of he 


gi The Sena an Arch is 2 Krake Eine dun * elle 22 
whi 


teeth o"oke End ofthe Arch till ĩt meet with the Tangent, 
is u ſtrait Line touching the Circle at the Extremity of that Dia- 
meter which cuts the other End of the Arch; o (G is the Se- 
cant and AG the Tangent of the Arches BA, BD: And CK is 
the Co. ſecant, and HK the Co- tangent che fad Atctics, '' 
6. A Verſed Sine is the Segment of the Diameter intercepted 
between the Arch and its Sine: Thus: "PN is" the Verſe Sing. of 
the Arch BA, and FD of the Arch BD. un 
7. Whatever Number of Degrees ces an Arch wants of 2 Semi 
3 | Tirele is called i its Supplement 1 
8. That Part of the Radius which is "(OFT the' enter and 
1 fine is equal to the Co- ſine; thus CF i is. IB. 3 
9. If an Arch be greater or leſs than a Quadrant, the Sum or 
Dilfinence of the Radius and Co- ine is equal & the Verſed dine. 
In a Triangle are fix Parts, viz, three Sides and three Angles : 
Abo three of which being wen, exce ept the three — of 4 


. 4 Triangle, the * thi m — either 
1 by the help of a Scale of equal atts and Line | 
| 22 ap 8 the Ragivl divided 
| Number of equal Parts} w& know: how many of thoſe 
darts are in the Sine, Tangune, vr Sdcunt of ay Arch pro- 
77 rt The Art of I andi it is 
| 2 „ =2iap33 4, God. to ee 1 7 
is felv'd of 
« TH 2 ep of four Ty pl ＋ ont vo 521 
| | > „ _ cu 


| '£ K J 2 10 b 3 40 A .£ 
ae Wi ends „oni. 
AE be lade Right mgl "| . 4 * ; 0A 1 
Ge then ſhall the other CB | I” £509] 2. 
or AB be the 'Fangent of the 
88 and che Hypothenuſe 02 
Side poſite to E 7 ws 
ele) 4 = e eee 4 
tif che H ebe! * rr 
| 5 e Radios'of'a -Cirds; . e 2 Srl <= 
will the Legs (or Sides inchuckne tes as Lad Mank 
+ br gee N . a Jo 2255 ar 4 


1 | 
| Fa TR WF or 


Wt: 


Note, 


ani 
1A 92 +: 

. | MW 
0 b 
N00 


. 
— 


A 8 

Righe Angles,” or 190 Degrees: by 32 1 Fucl. 

or the more caſy makin 
Risk. angles Triangles,\blerve, that as. different Sides are made 
Radius, ſo the other Sides acquire different Names, which Names 
are either Sines, Tangents, or Secants, and are to be taken out of 


your Table. 
To find a Side, any Side may be made Radius: Then 675 as the 


Name of the Side given is to the Name of the Side required 3 ſo is 


the Side given to the Side required, | 
. But to find an Angle, one of the given Sides muſt be mals. 


dius; then, as. the Side made Radius, is to the other Side z fo is the 


.the-firſt Side (which is Radius) to the Name of the ſecond 
Sich a uvhich fourth Proportional muſt be fopnd among the. Sines 

or 3 — Nc. to be mie by. the Side made Radius, and 
3 it is the Angle required. 


"Ro Ta AB: = 15 


3 N. Fig.]! 
. K 


12 mw Lest A: K. : AB.: C 

TB Ton. A: R :: AB: AC. 

A aud ac R: Sec. A:: AB: 28. 
n Ls 1 Cole. A:: AB: 
a} Compleient 185 LE 

BC| C | "nog AFN Tan. G. |. 
3 IIA 2.4 . : | a n HE 94 7 KL: : 


"oi. AS BD: K.: Ten. 1 
BC ae Cen. — *::AB: AC, * On Ch 


: » £6 1- . 
AC (. 1 


ES: 2456 * 


8-483 . 


7 AC: AB :: K : : Coli. e [ATT 
Ac [BCI R: Tan. A:: AB: BC, or * G "KY ha 
2b of falte F ) e nc 
is : — Coll. 7 FT . AC: AB. 

OI AB [Bcc AR Wu: AC; AB. 


Fea? x A! ! l AB, 


«1? Hs: a TI : 
* 

0. 

4 + 


A 
2 oS 


That the three Angler" of Plane Triangle make woo 
the Proportions for-thy Boletion of 


be Proportions forte ation of ſeven-Caſes'of Plane Right- 


s N — 
8 » a ; 8 A : 
- 46 At * 2 m 8 
. - - . — 
* > Taka 4 N mY / x 2 PIR FOR FF i ie et = A 
7 1 ws : 


— 
Wh — 

* * —_— 

— 5 —— 1 
% 1 4 — 
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Sie of the Trian ole ABC, to wit AB t0 P. 

NAP : Let fall the diculers BD; — 

| Lice CA proguc ve'd if Need be ; then wilt FE be the Sine of the An- 
gle A, and BD the Sine of the Angle C, to the Radius BC=AF, 
' Now the Triangles ABD and AFE, having the / A common 
to them both, and the D g E= to a Right-angle; are fimi- 
ht; wherefore (by r lm.) AF (BC): AB: :FE: BD; 
vez. :: Si. A: Si . &. . Otherwiſe thus ; by Ax. I. AB: 
R 5. BD: : Si.. A, and 3 Si. C ; therefate AB N 8. 
A ( RN BD =BCxSi. , — AGPUSS 2 Si. C: 
* * is "Ws | 7 


r * _ 4 


AD and 5 a 
F; draw BP, which (by 


2.1 5 will is = C | 
8 er - iff "hw ) will be ee 
w W 
Then wilt the Angle 25 ABF = FBD — ABD, 2 8280 | 
CESS 21 1 th); TS BAC C, mth 


D 
2 
w then BG parallel 22 ene 
Tha) opal a in dee iS nd bes 


But the 8 


_ of the 


Diane Crigonometry. 479 
Sum you take the leſſer Angle, i. 6. If from 

ABF you take the / GBA, there will remain g GBF half the 
Bieres e of the oppolite Angles : And ſo alſo, if from CE half 
the Bum of the Legs, you take CB the leſſer Leg, there will remain 
BE to half the Difference of the Legs. And then fince the 


AABF is Right-angled, if BF be made Radius, AF will be the Tan- 


gent of / ARF i. a. the Tangent of half the Sum of the oppoſite An- 
gles) ; and in the little & GBF, FG will be the Tangent of the . 

8B i. e. che Tangent of half the Difference of the oppoſite Angles): = 
of the Legs of any Triangle cut by Lines parallel 
to the Baſe, being {by Schol. to 2. 6 Eucl. EI) proportional; EC:EB 
:: FA: FG; that is in Words, half the Sum of the Legs is to half 
their Difference, as the Tangent of half the Sum of the 

Angles is. to the Tangen 
are as their Halves ; wherefore the Sum of the Legs is to their Dif- 


8 **. 4% 2 


ference, as the Tangent of half the Sum of the Angles oppoſite is 
$0 the Tangent of half their Difference. Q. E. B. 
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all the 2 Sides, and deduct the Square of one of the leſs Sides our 
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